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VOLATILE ACID PRODUCTION OF S. 
LA CTICUS AND THE ORGANISMS AS~ 
SOCIA TED WITH IT IN STARTERS 
By B. W. Hammer 
rrhe organisms ordinarily classed as S. lactieus (or Bact. 
lac tis aeidi) represent a group that is extremely important in 
the field of dairying. Altho they are responsible for a great 
deal of loss, since they are the principal type that sours milk 
and cream and thus spoils for certain purposes large quantities 
of these materials, they are ordinarily classed as the desirable 
lactic acid bacteria because of the role they play in the mak-
ing of certain dairy products. 
In the manufacture of butter, cheese and fermented milks, 
acid-producing bacteria are ordinarily added to the cream or 
milk in the form of starter. The statement has frequemly been 
made that starters are pure cultures of the lactic acid bacteria, 
but data have recently been published by different workers show-
ing that there are organisms other than S. lactic us present in 
starters and that these exert a very important influence on the 
development of aroma and flavor. It accordingly seems well es-
tablished that, to be satisfactory, a starter should contain more 
than one type of organism. 
The aroma of a desirable starter is definitely acid and, since 
lactic acid is odorless, this must be due to acids other than 
lactic. S . lactieus produces only a comparatively small amount 
of volatile acid, but when other organisms present in starters 
are grown in combination with it, a volatile acidity is developed 
that is essentially the same as that produced by good starters. 
Accordingly, it seems evident that the organisms other than S. 
laetie1~s present in starters are important from the standpoint of 
the volatile acidity and thus also of the aroma and probably the 
flavor that are secured. 
The present paper deals with the volatile acidity produced, 
both alone and in combination, by S. laeticus and the organisms 
associated with it in starters. 
HISTORICAL 
The addition of a natural starter to boiled milk intended for 
churning' was described as early as 1776 [Heinemann, (20) l-
In 1887 a description of the method of using' "lange wei" as a 
starter for Edam cheese was published in a pamphlet by Boe-
kel rHenzold (21) 1; the starter was supposed to exert a favor-
able effect on cheese defects and especially to prevent swelling. 
Buttermilk from a churning of good butter. was apparently ex-
tensively used for starting the acid fermentation in cream in-
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tended for buttermaking before the development of artificial 
cultures. 
Conn, working at the Storrs Agricultural Experiment Station, 
began in 1889 the publication of a series of reports on cream 
ripening. He early concluded (4) that the ripening of cream 
is a complex matter and that, "while the ripening of cream is 
undoubtedly dependent upon the presence of bacteria, it is 
doubtful whether one species can produce what is known as 
ripened cream." This investigator (5) specifically pointed out 
that in cream ripening something besides souring takes place and 
tha t, " while the addition of acid does certainly hasten the sour-
ing, it does not accomplish the other purposes of ripening, for 
the whole process is a complicated one connected with bacterial 
growth and the formation of acid is only a part of it." Conn 
studied the effect of various organisms on the flavor of butter. 
Of twenty species whose effects were reported in 1893 (7), only 
three produced strikingly bad results, while the rest gave good 
butter or had no marked influence; no single species produced 
a typical ripening of the cream or the usually expected flavor 
in the butter and the few acid-producing species did not have 
as good an influence on the butter as the alkali-producing spe-
cies. Later Conn (8) described his culture Bacillus No. 41, 
which was isolated from milk from Uruguay, and stated that it 
improved the score of butter. Farrington and Russell (15 and 
16), however, did not get an improvement in the quality of the 
butter when they used the organism describd by Conn. 
Conn (10) pointed out that acid and flavor should be dis-
tinguished and that, while the acid is developed from the sugar, 
the flavor probably comes from some other source; he also 
considered that aroma should be separated from flavor and 
stated that it is more unusual for an organism to produce aroma 
than flavor. 
The use of the so-called pure cultures for the ripening of 
cream was the result of the investigations of Storch (29), who 
studied organisms from sources such as buttermilk, butter and 
ripened cream and found that different acid producing forms 
induced very different flavors and aromas. From completely 
ripened cream secured at a plant known for the full aroma of 
its butter, he isolated seven acid producing bacteria, of which 
two produced in milk on souring a very aromatic odor, while 
one of these yielded as full an aroma ( if not in as high a de-
gree) as a full-soured cream in the dairy possessed. Butter 
made from pasteurized cream with pure cultures had a very 
normal, clean, mild, acid flavor, so there was no doubt but that 
these bacteria are one of the sources of butter aroma. 
Weigmann (34), who studied the influence of the acid bacteria, 
also found a variation in the products formed; when he secured 
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a strong aroma he did not have a clean tasting butter of good 
keeping quality and when he had a clean tasting butter of good 
keeping quality he did not have a strong aroma, so he suggested 
the use of mixtures of the two kinds of organisms or an attempt 
to find cultures in which the qualities of the two were combined. 
According' to Orla-J ensen (25), the first commercial starter 
cultures were put out in 1890. Following their introduction 
there appeared a large number of reports dealing with their use 
under practical conditions, but containing little if any mforma-
tion on the development of flavor and aroma. 
Weigmann (35), in answering an inquiry, stated that the 
question as to whether lactic acid bacteria themselves produce 
the aroma of butter or whether in addition other bacteria are 
important was not settled, altho the results and trials spoke 
for the first assumption. 
In 1894 the European dairy papers (e. g. Milch-Ztg. 1894, 
23 p. 687) reported the isolation by Biaille of the aroma-pro-
ducing material of Isigny butter; this was sold under the name 
of Bouquet d' Isigny. 
The culture of Lorentz [Vieth (33) 1 was unusual in that, 
according to the manufacturer, it contained, together wIth the 
lactic acid bacteria, Oidi1~rn lactis, which was designated as an 
aroma organism. 
By 1897 [Hansen (18)], the use of bacterial cultures was 
very common in Denmark. Of 866 dairies in that country, 802 
used the cultures. 
Conn (11) following statements that had been made in 
Europe, pointed out that the so-called pure cultures are not all 
alike and that while most are pure cultures, some are mixtures 
of different organisms and that one culture contained no less 
than ten or twelve different species mixed together. 
Altho at this time the superiority of Danish butter was com-
monly attributed to the use of pure cultures, the idea was also 
prevalent that the influence of pasteurization was much greater 
than that of the cultures. 
McDonnell (23) classified the lactic acid bacteria and desig-
nated one type as Bact. lac tis acidi aroma.tic1l'Yn; the author 
stated that in milk this organism produced. when not over rip-
ened by high temperatures, a mild, acid, weak, aromatic taste and 
that the dairies used cultures of it for cream ripemng. 
Evans, Hastings and Hart (14) found that "No cI1eddar flavor 
is obtained in pasteurized milk cheese when the organisms of the 
Bacterium lacMs acidi group alone are used as starters." This 
indicates that Bact. lac tis acidi is limited in its navor-produc-
ing power. 
Sammis and Bruhn (26) have, however , reported a method 
for the manufacture of cheddar cheese from pasteurized milk. 
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In New Zealand the use of pasteurized milk for cheese makmg is 
on a satisfactory basis [Stevenson and Grant (28) 1; for the sea-
son ending March 31, 1919,* out of a total production of 57,654 
tons, 29,036 tons were made from pasteurized milk. 
Hart, Hastings, Flint, and Evans (19) found that representa-
tives of the coccus group and organisms isolated from cheddar 
cheese produced large quantities of volatile acids, particularly 
acetic acid, when grown in milk, and suggested that since these 
organisms are present in large numbers in cheese, they pro-
duce much of the volatile fatty acids developing during ripen-
ing. 
Evans (13) studied the streptococci concerned in the ripen-
ing of cheese and presented data showing that S. laetie1ls pro-
duces only a small quantity of acetic acid. This investigator 
called attention to the conclusion of Leichmann (22) that S. 
laetiet~s produced no volatile acid and to the findings of Orla-
Jensen (24) and others that small quantities of volatile acid, 
chiefly acetic, are produced by this organism. Evans reported 
two organisms, Strep. x and Strep. kefir, as producing much 
larger amounts of volatile acid than S. laetiet~s. 
Hammer and Bailey (17) in a study of starters found S. 
lactieus producing amounts of volatile acid which were in agree-
ment with the amounts reported by Evans (13) for this organ-
ism, but which were much smaller than the amounts produced 
by good starters. They showed that in the starters studied 
there was an organism which produced little if any change in 
appearance in a tube of litmus milk but which, when grown with 
S. laetie1ls, produced a volatile acidity essentially the same as 
that produced by good starters; this organism in pure culture 
also produced considerable amounts of volatile acid. 
Storch (30) reported the presence in starters of organisms 
(which he called x bacteria) that played an important part in 
the production of a good starter. 
Boekhout and Ott De Vries (1 ) isolated organisms which 
gave in combination with lactic acid forms the characteristic 
aroma of starters. 
METHODS USED 
The methods used were essentially the same as those employed 
by Hammer and Bailey (17). 
The volatile acidity was determined by distilling with steam 
a 250 gram portion of the milk after the addition of 15 cc. of 
approximately ni l H 2S04 until 1000 cc: of distillate were se-
cured, after which the distillate was titrated with n/ 10 NaOH, 
using phenolphthalein as an indicator. Usually five grams of 
• Letter from Han. D. Cuddie, Dir. of Dairy Div. Dept. Agr. Industries and 
Commerce. N. Z. 
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Na2S04 were used in the milk to aid in keeping down foaming. 
'fhe results obtained were expressed as the cc. of n / 10 NaOH re-
quired; the value given accordingly means the number of cc. 
of n / 10 NaOH required to neutralize the first liter of distillate 
obtained when a 250 gram portion of milk was distilled with 
steam after the addition of 15 cc. of approximately n i l H 2S04 , 
The results cannot be considered as representing all of the vola-
tile acidity produced, since only 1000 cc. of distillate were se-
cured, and it is probable that the percentage of the total vola-
tile acid obtained by the method is only approximately constant, 
because of the variations in the acids present in the different 
samples of milk. However, the method was considered to yield 
comparative results and to be satisfactory for the work for which 
it was intended. 
The milk used for the volatile acid determinatIOns was skim 
milk sterilized in the autoclave in 325 cc. portions with an ex-
posure of 10 to 15 pounds for from 20 to 30 minutes. The con-
tainers used were for the most part wide-mouthed bottles or 
flasks stoppered with cotton. When the milk was distilled be-
fore inoculation by the method outlined above, the first liter 
of distillate usually required from 1.7 to 2.8 cc. of n / 10 NaOH 
for its neutralization. In a few instances it was necessary to 
discard a lot of milk because of an excessive value for the un-
inoculated material. 
The total acidity of the milk was usually determined by 
titrating' 20 grams with nj 10 NaOH, using phenolphthalein and 
calculating as the percent lactic acid. 
RESULTS OBTAINED 
THE TYPES OF ORGANISMS ASSOCIATED WITH S. LACTICUS IN 
STARTERS 
In the work reported by Hammer and Bailey (17 ), an organ-
ism was found associated with S. lacticus in starters Wl1ich pro-
ducedlittle if any change in the appearance of litmus milk, but 
which in combination with S. lacticus produced a volatile acid-
ity comparable with the volatile acidity produced by a good 
starter. This organism will be referred to as associated organ-
ism Type A. In studying more in detail the volatile acid pro-
duction of the starter organisms, it seemed advisable to deter-
mine whether or not organisms important from the standpoint 
of volatile acid production, other than the one reported by 
Hammer and Bailey, could be found often enough in the start-
ers available to suggest that they were important. 
Organisms were isolated from a considerable number of 
starters from a variety of sources, and studied. One of tile com-
mercial cultures that was frequently examined usually con-
tained an organism, often in considerable numbers, which was 
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quite different from Type A but which also produced large 
amounts of volatile acid. In general the volatile acidity pro-
duced by this organism when grown alone was greater than the 
volatile acidity produced by Type A alone. 'l'he organism also 
produced a definite reddening in litmus milk, usually without 
coagulation, altho a small amount of curd in the bottom of the 
container, or even complete coagulation, was occasionly observed. 
It further differed from . Type A in that it gave a definite growth 
at 37°0. while Type A did not. Accordingly this organism has 
been considered as representing a form distinct from Type A 
and will be referred to as Type B. 
Type B was occasionally found in commercial cultures other 
than the one from which it was first secured and was also found 
in natural starters. It was, however, repeatedly met with in 
only the one commercial culture and this, which showed the 
'l'ype B organism in nearly all of a considerable number of 
tests extending over a period of about two years, seemed to differ 
decidedly from all other cultures studied in the character of its 
associated organisms. Type B was sometimes found in the same 
culture with 'l'ype A, especially in natural starters. 
Organisms other than the two mentioned, can able of produc-
ing a high :volatile acidity in milk; have been found, but these 
have not been isolated often enough from the starters studied 
to indicate for them an important role in the ripenmg of start-
ers. However, the finding of such orfanisms sugg'e::ts that there 
may be starters in which organisms other than Types .f ... and B 
are important. It ~eems, however, inadvisable to deal with 
these under the head of starter organisms until starters have 
been found in which they are of significance. 
In the following discussion the two types of organisms assoc-
iated with S. lacticus are considered separately. 
INVES1'IGA1'lONS WITH TYPE A 
ISOLA'fION OF THE ASSOCIATED ORGANISM OF THE A TYPE 
Two general methods have been rather extensively used for the 
isolation of 'l'ype A from starter: First, plating and picking 
off colonies, and second, the elimination of other organisms, es-
pecially S. lacticus, by repeated transfers on whey agar slopes. 
A third method, consisting of transferring at vanous times 
from a tube of starter to both milk and a whey agar slope until 
the milk tube showed no change while the slope showed growth, 
was also used, but only in a few cases, as it did not seem to 
offer any advantages. This method was later found to have been 
emnloyed by Storch (30). 
Plate 1I1ethod: Whey as!'ar, which is a very satisfactory 
medium for the growth of 'l'ype A, was the principal one used 
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iu the isolations by the plate method, but beef infusion agar was 
found satisfactory and would undoubtedly have done equally 
as well; beef extract agar is not well adapted to the growth of 
starter organisms and probably should be avoided. Plates were 
poured from a starter after suitable dilution and incubated at a 
temperature of about 20° C. for from two to four days. A plate 
giving a good distribution of colonies was selected and a con-
siderable number of colonies picked. The colonies were either 
put on whey agar slopes or into litmus milk. If they were put 
on a.gar slopes an inoculation was made from each into a tube 
of litmus milk as soon as a good growth was secured and the 
cultures which produced little or no change were reserved for 
study. When the colonies were picked into litmus milk the 
tubes showing little or no change were cultured on agar slopes 
to be sure that an organism had been recovered from the plates 
and to have agar cultures available for further study. Putting 
the colonies into litmus milk required less media than putting 
them on agar, since the litmus milk eliminated the S. lacticus 
colonies at once, while the agar slopes did not; but inoculating 
on agar first had the advantage of detecting at Olice the instances 
in which there was a failure to secure organisms from the orig-
inal plate. Agar slopes inoculated from a colony on an agar 
plate were also somewhat more satisfactory for future study 
than agar slopes inoculated from milk cultures, since the latter 
sometimes yielded only a comparatively few colonies and in 
these cases it was necessary to smear these colonies out in order 
to get abundant inoculating- material. When a growth on whey 
agar which produced little or no change in litmus milk was 
secured, it was tested out for volatile acid production in com-
bination with S. lactict(,S. The cultures secured were sometimes 
purified in the usual way, but this does not seem neces-
sary ordinarily since. the contaminating organism is likely to 
be S. lactictts which is detected bv the preliminary tests. 
Repeated Tm-nsfer: By smearing a small amount of starter 
ou a whey agar slope and carrying the growth thus secured thru 
a number of transff'rs on the same medillm at a temnerature ap-
proximating 20° C., it was often po~sible to obtain a growth 
which, when inoculated into litmus milk, produced little or no 
change. This is the method used by Hammer and Bailey (17) 
in their early attempts to secure the associated organism. The 
growth obtained was then tried out for volatile acid produc-
tion. Previous to this, it was sometimes purified by plating, 
but this was not usually necessary. since S. lactictts is the organ-
ism whose elimination is most rlifficult and the method insures 
the absence of this type. In a few instances the repeated trans-
fer method failed to yield the associaterl organism in purf' cul-
ture, even after as many as twenty transfers on whey agar slopes. 
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Often, however, Type A was obtained in six to ten transfers 
and sometimes in less. Table I presents the data obtained in 
connection with some of the isolations that were quickly success-
ful; from these results it is evident that long intervals, such 
as 7 to 11 days between transfers, yield cultures of Type A with 
a smaner number of inoculations than do shorter intervals. 
The repeated transfer method of isolation undoubtedly de-
pends on the somewhat more rapid growth of Type A than of 
S. lacticus, which results in a gradual elimination of the latter 
organism. The difference in the rate of growth of the organisms 
is apparently not the same with all combinations of the two, 
since the associated type is more easily isolated from some start-
ers than from others by the repeated transfer method. 
Transferring at Various Times fr01n a Starter: With this 
method a tube of starter was held and transfers made at various 
times to both litmus milk and a whey agar slope. Ordinarily, 
after several weeks a set of transfers was secured in which the 
litmus milk showed no change, while the whey agar slope con-
tained colonies. Table II gives the data obtained III connection 
with the isolation by this method of two cultures that represent 
the extremes encountered from the standpoint of the time re-
quired for S. lactictts to die out. 
The method depends on the more rapid death in old acid 
milk of S. lacticus than of Type A. From unreported results 
obtained it is evident that, unless the transfers are rather fre-
quently made, the period when S. lacticus is dead and Type A 
alive may be missed. In some cases the number of colonies of 
Type A obtained on the whey agar slope at the time S. lacticus 
was dead was very small. These results suggest that the dif-
ference in the resistance of the two organisms to the conditions 
encountered in acid milk is not very great. 
TABLE 1. ISOLATION OF ASSOCIATED ORGANISM ( TYPE A) BY 
THE REPEATED TRANSFER METHOD 
ROOM TEMPERATURE INCUBATION 
Transfer 2 Transfer 3 Transfer 4 Transfer 5 Transfer 6 
S'" <=0 <=0 <=0 <=0 <=0 "' .... "' .... "' .... "' .... "' .... ~~ ~.~ ~.5. ~.~ .0:<= ~.~ .... < ~.~ 
... » '0 0 '0 0 '0 0 'Od 'Od ~~ ",0 ",0 ",0 ",0 ",0 0<= 0<= 0<= 0<= 0<= 
@~ 
::> .~ ::>.~ ::>.~ ::>.~ ::>.~ 
'0",,, '0",,, '0",,, '0",,, 'g~~ ... 0c3= °al;::: 0,,;::: °al;::: 
0 8 0 S.~·E S.~·E S.~·E S.~·E S.~·E .... 
z o~ ~-S Ql ~:5 rn ~:5 Ql ~:5 rn ~5 rn 
t\i "' .... '" '" <=~::> " 
<=~::> ~ <=~::> ~ <=~::> " <=~::> ~;s .... "08 ~ "oS "08 "oS .... "oS ''; 
" 
.0: ....... .0: ....... al .0: ....... al .0: ....... al .0: ....... 
8 Pwifl P Ubi);:: Q Ubi);::; P Ubi);::; Q Ubi);::; A Ubi);::; 
1 
II 
10-1 110-4 i coag. 110-7 i coag. 10-10 coag. 110-141 coag. 10-17 none 
2 11-4 111-6 coag ' I11-10 coag. 11-13 coag. 111-191 none 11-27 none 
3 1-6 1-17 coag. 1- 24 none 1-31 none 
\ \ 
4 2-10 2-17 coag. 2-24 none 3-3 none 
5 I 2-21 I 2-281 coag. I 3-7 I coag. 3-15 none 
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TABLE II. ISOLATION OF ASSOCIATED ORGANISM (TYPE A) BY 
METHOD OF TRANSFERRING FROM A STARTER AT 
VARIOUS TIMES 
ROOM TEMPERATURE INCUBATION 
T . I N I Date starter I Date of first successful \Time in days required 
ria o. was put away transfers to isolate 
1 3- 3 3-25 22 
2 12-13 2-10 59 
Testing out the Organism Secured: After securing a good 
growth on whey agar which produced little or no change in lit-
mus milk, it was tested out by growing in sterile milk (1) alone 
and (2) in combination with a culture of S. laclictts which pre-
vious trials had shown produced only a low volatile acidity, and 
then determining the volatile acid production. If the value for 
the organisms in combination was definitely higher than for the 
organism under test when gro-wn alone and approximated the 
value obtained with a good starter, the culture was considered 
to be of the associated type. 
PRESENCE OF TYPE A IN STARTERS BEING CARRIED IN 
CREAMERIES 
The associated organism of the A type was found in many 
samples o-f starter that were being carried under practical condi-
tions, the isolations being made by both the plate and the re-
peated transfer methods. The organism was found so regularly 
that it would seem, even without any of the other available 
proof, that it must be of importance. In a very few instances 
an attempt to isolate Type A by the plate method was unsuc-
cessful, but this was in all probability due to picking too few 
colonies; in some of the isolation work only a small number 
were studied. It seems from the results obtained that in the 
creamery starters examined, Type A was almost always present. 
It was constantly found in an excellent starter which had been 
carried in a creamery for about sixteen years and with which 
many tubs of high grade butter had been made. 
PRESENCE OF TYPE A IN COMMERCIAL STARTERS 
A considerable number of commercial cultures were examined 
for 'l'ype A, since the presence of this organism in creamery 
starters is no assurance of its presence in the commercial cul-
tures used, because of the possibility of infection in the creamery. 
The method of examination was to plate milk cultures direct and 
to plate after one or more transfers in sterile milk in the case 
of powdered cultures. A number of colonies were p1cked from 
each set of plates and some of the cultures showing no change 
in litmus milk were tried out for volatile acid production alone 
and in combination with S. lacticns cultures from the same 
plates; the volatile acid production of the S. lactictts cultures 
alone was also determined. 
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The general type of results obtained is shown in table III; 
these data show the usual low volatile acidity for S. lactictts, a 
higher volatile acidity for the associated organism (Type A) 
and the highest value for the two in combination. 
In the examination of commercial cultures, organisms of the 
A type were found in the product put out by most manufac-
turers. The culture prepared by one concern gave Type A in 
only a portion of the tests made, but it almost always yielded 
'fype B, while that of another manufacturer failed in certain 
instances at least to give either type. In one trial this latter 
product showed 72 S . lacticns cultures from 72 colonies picked 
from a whey agar plate poured from the fifth transfer in sterile 
TABLE III. VOLA'l'ILE AOID PRODUCTION OF S. LACTICUS AND 
ASSOCIATED ORGANISM (TYPE A) ISOLATED FROM 
COMMERCIAL CUL'fURES 
Manu- r Type 
fact- of cul-
urer ture 
ROOM TEMPERATURB INCUBATION 
Inoculation acidity in Vo~atlle I Total I . percen t aCldl ty 
---Y--- I~. ilk S. lactic"s 1 . 76 5.6" 
Associated Organism 1 .24 13 .5 
S. lactic"s 1 plus Associated . 86 35.5 
S. lactic,,, 2 .79 4.5 
Associated Organism 2 .24 21. 3 
S. lactic,,, 2 plus Associated .83 35.8 
S. lactic"8 3 . 77 3.7 
Associated Organism 3 .25 15.7 
S . lactic"8 3 plus Associated .76 34.7 
-A-- Powder S. lactic"8 1 .77 4 .4 
Associated Organism 1 . 24 13.2 
S. lacUc"s 1 plus Associated .90 32.5 
S. lactic"8 2 . 76 3.5 
Associated Organism 2 .24 13.0 
S. lactic"8 2 plus Associated .82 31. 3 
S. lacticu8 3 . 75 5.0 
Associated Organism 3 .23 13.8 
S. lactic"8 3 plus Associated .75 31.0 
---B- -~ S. lacti""8 1 .91 4.3 
Associated Organism 1 .25 14.3 
S. lacticu8 1 plus Associated 1.01 33.5 
S. lacticu8 2 .87 4.6 
Associated Organism 2 .25 14.2 
S. lact i""s 2 plus Associated 1.10 36.4 
--- --. -- S. lacticu8 1 . 92 6.6 
C MIlk Associated Organism 1 .28 17.8 
S . lacticus 1 plus Associated 1.12 30.5 
S . lacticus 2 .95 9.0 
Associated Orga nism 2 .34 19.8 
S. lacticus 2 plus Associated 1.12 36.2 
S. lactic"s 3 .95 6.2 
Associated Organism 3 .32 17.2 
S. lacticus 3 plus Associated 1. 08 41.3 
_______ S. lacticus 1 .96 2.2 
D Powder Associated Organism 1 .25 14.5 
S. lacti c'us 1 plus Associated 1.14 31. 2 
S, lactic"s 2 . 78 4.2 
Associated Organism 2 .27 18.6 
S. lacticus 2 plus Associated .74 31.3 
S, laeti cus 3 . 79 4,3 
Associated Organism 3 .25 19.0 
S. lacticus 3 plus Assoc iated Organism .85 31.8 
• As explained unde r "Methods U~ed , " these values represent the cc. of 
n/ l0 NaOH required for the n e utralization of the first liter of distillate ol>-
tained when 250 grams of milk were distilled with steam after the addItIOn 
of 15 cc . of approximately n/ 1 H,SO,. 
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TABLE IV. VOLATILE ACID PRODUCTION m~ COMMERCIAL CUL· 
FREE; ]<~ROM TYPE B, AFTER VAlUOUS TRANS· 
FERS IN STERILE MILK 
TURJ;;S, 
ROOM TEMPERATURE INCUBA'l'ION 
Mfgr. A 
powdered 
culture 
----
1 
'" 
.be :Sb 
"z ";e E:... '0.-
H.2 :>g 
Mfgr. D 
powdered 
culture 
m O zb 
, '1 ~ "Z ,,'-f:... o~ 
H.2 :>g 
M[gro E 
powdered 
culture 
"Z ,,0-~O l ~~ 
?J:... o~ ~.2 :>g 
Mfgr. F Mfgr. F Mfgr. G Mfgr. G 
culture powdered powdered powdered 
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milk. More conclusive proof that this culture contained no as-
sociated organisms was secured by running volatile acid determ-
inations on the first and fourth transfers in sterile milk; the 
values obtained were 10.3 and 7.7. Additional data on a culture 
fl'om the same source (manufacturer E) are given in table IV, 
which shows the volatile acidity produced by commercial cul-
tures, known to be free from 'l'ype B, after various numbers of 
transfers in sterile milk. These results, which were all obtained 
on powdered cultures, are further evidence that commercial cul-
tures contain Type A since in general the volatile acidities are 
entirely too high to have been produced by S . lactic1£S alone. 
It is probable that the cultures containing neither of the as-
sociated organisms are put out that way intentionally, because 
of the frequent statements that starters are pure cultures of 
lactic acid organisms; in the absence of tests as to the quality of 
starters made from such cultures the idea might be held that 
they are actually superior to others. In dairy establishments 
these cultures do not necessarily give unsatisfactory results, 
since they are in all probability quickly contaminated with the 
associated organisms. In a number of trials pure cultures of 
S. lactict£s were soon contaminated when carried under practical 
conditions by an experienced buttermaker, so that the starter 
yielded a high volatile acidity. Storch (30) found the same 
contamination to occur in Denmark. 
INOCULATION OF S. LACTICDS FROM ONE SOURCE AND TYPE A 
FROM ANOTHER 
It seemed desirable to determine whether or not a certain S. 
lactic1lS and Type A combination producing a higoh volatile acid-
ity was a specific one, or if any organism belonging to the A 
type would produce a high volatile acidity in combination 
with any S. lactict£s culture. Accordingly cultures of Type A 
were inoculated with S. lactic1lS cultures from starters other 
than those from which the 'l'ype A cultures were secured and 
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the volatile acidity determined after a satisfactory incubation 
period. The results obtained are presented in table V; the 
S . lactieus cultures used had all been found (many of tIlem re-
peatedly) to produce only the usual low volatile acidity. 
From table V it is evident that cultures of Type A (of whieh 
there were 15, representing 7 different starters from four manu-
facturers) produced high volatile acidities in 42 lrials when 
grown in combination with S. lactieus cultures from starters 
other than those from which the associated organisms came. 
'I'he volatile acidities of the combinations varied from 28.7 to 
45.1, with the great majority running between 30.0 and 40.0, and 
agreed with those secured when the associated organisms were 
grown with S. laetieus cultures from the same starter. The re-
sults indicate that Type A from one starter gives the same gen-
eral results with S. lactieus cultures from other starters as it 
does with S. laetieus cultures from the starter from which it 
came. 
'l'he volatile acidity produced by Type A isolated from varous 
starters, in combination with cultures of S. laetieus secured from 
sources other than starters, was determined with 14 cultures of 
S. lactie~~s (13 were isolated from sour cream and one was pur-
chased from a concern selling cultures). The results secured, 
which include the volatile acidities of the S. laetiC1~s cultures 
alone, are presented in table VI. The data show that a high vol-
atile acidity (from 30.0 to 42.4), which is essentially the same as 
that obtained when the associated organism is grown in com-
bination with cultures of S. laetieus isolated fronl starters, was 
secured in all cases; the S. laetiens cultures alone gave the usual 
low volatile acidity. These results indicate tha,t the combined 
TABLE V. VOLATILE AOID PRODUOTION SEOURED WHEN THE 
ASSOCIATED ORGANISM ( TYPE A) FROM ONE STARTER 
WAS GROWN WITH S . LACTICUS FROM OTHERS 
ROOM TEMPERATURE INOUBATION 
Trial No. I Vola tile acidi ty __ T_r_ia-:;-I _N_o_._-.;-I_v_o_l_a....,ti"'le---;a:;-c_id_i_ty'----
22 I 38.5 1 28.7 
23 I 39.9 2 35.() 
24 45.1 3 38.8 
25 31. 0 4 38.1 
26 39.6 5 .B.3 
27 36.5 6 37.0 
28 35.1 714.7 
29 34.6 8 40.7 
30 34.5 9 34.3 
31 43. () 10 30.4 
32 30.6 11 28.8 
33 35.9 12 35 .7 
34 35.8 13 41.0 
35 44.3 14 :1'i.3 
36 37.2 15 35. 1 
37 35.8 16 3'.7 
38 39 .5 17 33.3 
39 39.6 18 35.6 
40 34.0 19 35.9 
41 35.5 20 35.7 
42 37.9 21 34.7 
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TABLE VI. VOLATILE ACID PRODUCTION SECURED WHEN AS-
SOCIATED ORGANISMS (TYPE A) WERE GROWN WITH 
S. LACTICDS CULTURES FROM SOURCES OTHER 
THAN STARTER 
ROOM TEMPERATURE INCUBATION 
S.lacticus 
culture No. 
1 
1 
1 
2 
2 
3 
3 
4" 
5" 
6" 
7" 
8" 
9 
10 
11 
12 
13 
14 
14 
14 
Source of 
S.lacticus 
I:::: 
Sour 
cream \ 
cream I 
I 
cream I 
Sour cream 
Sour cream 
Sour cream I 
Sour cream I 
Sour cream I 
Sour cream \ 
Sour cream 
\ Sour cream I Sour cream \ 
\ 
Sour cream 
Purchased I 
I 
"Slow curdler. 
Assoc. 
Total acidity 
in percent 
Org. No. s.lacticusl The two 
a lone combined 
1 
2 
3 
1 
2 
1 
3 
1 
1 
3 
3 
2 
3 
2 
1 
1 
2 
1 
2 
3 
1.01 
1.05 
1. 02 
.61 
.64 
.68 
.64 
.59 
.87 
.88 
.90 
1.06 
1.04 
.87 
1.12 
1.18 
1.19 
1.13 
1.17 
1.17 
1. 09 
.77 
.81 
.82 
1.03 
.63 
.98 
1.05 
.96 
1.19 
1.17 
.92 
1.00 
1. 04 
Volatile acidity 
s .laCtiCus / The two 
a lone combmed 
8.1 I 
9.5 
12.5 
7.3 
5.0 
5.8 
5.6 
5 .3 
7.6 
6.1 
8 .8 
7.0 
7.0 
9.1 
36.9 
41. 9 
38.3 
36.7 
35.2 
33.8 
39.3 
42 .4 
34.9 
35.5 
36.1 
32.1 
32.7 
31. 7 
32.4 
35.8 
31.2 
37.8 
30.0 
32.5 
action of S. lactic1ls and the associated organism is not charac-
teristic of the S. lacticlls cultures from starters, but can also be 
obtained with cultures of this organism from sourCES such as 
sour cream. The data cannot be considered to show that all 
cultures of S. lactictts act in the same way when grown with 
the associated organism, since the number of cultures was small, 
but the indications are that many of them do. 
From the data presented in tables V and VI it is evident 
that there is nothing specific about the '£ype A and S. lactic1l3 
combination, but that a Type A culture yields a high volatile 
acidity in combination with S. lactic1tS cultures from a variety of 
sources_ The situation here is quite different than in the case of 
the ropy condition in milk due to the combined action of S. 
lactictts and another organism; in studying such a case, Buch-
anan and Hammer (3) found that only certain cultures of S. 
lactic1ls yielded the ropy condition when grown ill combination 
with the other organism. 
MECHANISM OF THE HIGH VOLATILE ACID PRODUCTION WITH 
TYPE A 
Th e data which have been presented in tables III to VI, as 
well as those previously reported by Hammer and Bailey (17), 
show that the associated organism ('£ype A) and S. lactiC1ls in 
combination produce a higher volatile acidity than does either 
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TABLE VII. VOLATILE ACID PRODUCTION SECURED WHEN THE 
ASSOCIATED ORGANISM ( TYPE A) WAS I NOCULATED 
FIRST AND S. LACTICDS LATER 
ROOM 'l'EMPERATURE INCUBATION 
I Dt~~c~f I Date of I Date I Total I Inoculation acidi ty Volatile Assoc Inoc. Exam- in acidity 
arg.· S.lacticus ined percent 
Assoc. argo 1 a lone 5/2 5/7 . 27 18.3 
Assoc. argo 1 plus S. lacticus A 5/2 5/3 5/8 1.08 39.9 
Assoc. argo 1 plus S. lacticus A 5/2 5/5 5/12 .95 41.3 
Assoc. argo 3 a lone 5/2 5/7 .27 23.9 
Assoc. argo 3 plus S. lacticus C 5/2 5/3 5/8 .95 42.8 
Assoc. argo 3 plus S. lactic us C 5/2 5/5 5/ 12 1.00 39 .4 
Assoc. argo 4 a lone I 5/2 .28 23.8 
Assoc. argo 4 plus S. lacticus D 5/2 5/3 5/8 .96 43.1 
Assoc. argo 4 plus S. lacticus D 5/2 5/5 5/12 .92 40.2 
"'00. 0" , ""0' I 5/13 5/21 .24 21. 6 Assoc. argo 1 plus S . lacticus A 5/13 5/15 5/19 1.10 40.6 
Assoc. argo 1 plus S. lacticus A 5/13 5/17 5/21 1.08 37.2 
Assoc. argo 4 alone 5/13 5/21 .26 20.7 
Assoc. argo 4 plus S. lacticus D 5/13 5/15 5/20 1.00 46.2 
Assoc. argo 4 plus S. lacticu8 D I 5/ 13 5/17 5/21 .96 32.6 
organism alone. In order to secure information on the mech-
anism of the high volatile acid production when the organisms 
are grown together, experiments were carried out to determine 
more definitely the influence of each on this volatile acid pro-
duction. 'l'he cultures of S. lacticus used were all known to pro-
duce the usual low volatile acidity. 
Table VII presents the results obtained when the associated 
organism ( 'l'ype A) was inoculated first and S. lacticus later, 
and, for comparison, the results obtained with the associated or-
ganism alone. The data show that when the associated organism 
was inoculated first and S. lacticus at a later date, up t.1) four 
days at least, a high volatile acidity (from 32.6 to 46.2) was 
secured. This volatile acidity was much greater than the vola-
tile acidity obtained with the associated organism alone (from 
1M.3 to 23.9) and was essentially the same as that secured with 
a good starter. 
In order to determine whether or not thermostable products 
of the associated organism would stimulate the production of a 
high volatile acidity by S. lacticns, cultures of the associated 
organism (Type A) were "grown in milk for from two to four 
days, the milk heated to kill the organisms, and S. lactictts 
added; the volatile acidity was then determined after suitable 
incubation. The heating' consisted of standing the milk cul-
tures in water, rajsing the temperature rapidly to 60° C. and 
then maintaining the temperature of the water between 60 ° and 
65° C. for 45 minutes. Inoculations showed that cultures so 
treated contained no living organisms. For compal"lson, the 
volatile acidity produced by the associated organisms alone in 
unkilled cultures during the entire period of incubation was also 
determined. 'rhe results obtained are given in table VIII; the 
data show that when the associated organism was destroyed by 
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TABLE VIII. VOLA'l'ILE ACID PRODUCTION SECURED WHEN S. 
LACTICUS WAS ADDED TO KILLED CULTURES 
OF THE ASSOCIATED ORGANISM (TYPE A ) 
ROOM 'fEMPERATURE INCUBATION 
1 
Date of 1 ~e:\~:;i I' Date Inoculation Inoc. and of Exam-
Assoc. adding ined 
Org. S.lacticu8 
acidity :;:;~ 
1 
Total I ~ » 
in ~~ 
percent ~ g 
Assoc. Org. 1 plus S. lacticu8 A I 5/ 13 I 5/ 15 I 5/19 
Assoc. Org. 1 plus S . lacticu8 A I 5/13 I 5/17 I 5/21 .95 19.0 .99 24.0 
.24 21.6 
1.03 15.6 
1.04 25.9 
.24 18.6 
.80 21. 9 
.78 22.2 
.26 20.7 
Assoc. Org. 1 alone without I 
h eating I 5/13 5/21 
Assoc. Org. 2 plus S. lacticu8 B 5/13 I 5/15 5/19 
Assoc. Org. 2 plus S. lacticu8 B 5/ 13 I 5/17 5/21 
Assoc. Org. 2 a lone without 
h eat ing 5/ 13 I 5/21 
Assoc. Org. 3 plus S. lacticu8 C 5/13 5/15 5/2 () 
Assoc. Org. 3 plus S . lacticu8 C 5/13 5/ 17 5/21 
Assoc. Org. 2 a lone without 
heating 5/ 13 I 5/21 
heat after being given an opportunity to grow for two to four 
days before the addition of S. lactictts, a volatile acidity (from 
15.6 to 25.9) was secured which was quite in agreement with 
that obtained from the associated organism alone (from 18.6 
to 21.6) in unkilled cultures. These results indicate that the 
thermostable products of the associated organism do not stim-
ulate S. lacticns to the ploduction of a high volatile acidity. 
In table IX are presented data obtained when S. lactictls was 
inoculated first and the associated organism ('l'ype A) at a 
later date. The results show that when S. lactictls was given 
any considerable start over the associated organism, only a low 
volatile acidity (from 4.2 to 10.2 ) was obtained, which is es-
sentially the same as the volatile acidity secured from S. lac-
tict~s alone. Since tho associated organism produces only a 
slight amount of acid in milk, it would not be expected to grow 
in the presence of considerable amounts of acid. altho its pres-
ence in well-ripened starter indicates that it can live under such 
conditions. 
When S. lactictls was inoculated, killed with heat by the 
method used with the associated organism, after only a small 
TABLE IX. VOLATILE ACID PRODUCTION SECURED WHEN S. 
LACTICUS WAS ADDED FIRST AND THE ASSOCIATED 
ORGANJSM (TYPE A ) LATER 
ROOM TEMPERATURE INCUBATION 
Inoculation 
Date of Inoc. Date acidity Volatile I I Date of I I Total I Inoc. Assoc. E~am- in acidity 
S.lact,cu8 Org med percent 
S . laclicu8 A plus Assoc. Org. 1 5/2 5/3 I 5/8 .88 
1 
7.1 
S. lacticu8 A plus Assoc. Org. 1 5/2 5/5 5/12 .84 7.9 
S. lacticu8 D plus Assoc. Org. 4 5/2 5/5 5/8 .84 10.() 
S. lacticu8 A plus Assoc. Org. 1 5/27 5/28 6/3 .81 6.5 
S. lacticu8 B plus Assoc. Org. 2 5/27 5/28 6/4 .89 4.2 
S. la.ctie,," C plus Assoc. Org. 3 6 / 19 6/20 6/24 .87 I 8.8 S. lacticu8 D plus Assoc. Org. 4 7/ 1 7/2 7/7 .89 W.2 S. lacticu8 D plus Assoc. Org. 4 7/ 1 7/3 7/ 7 .85 9.5 
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TABLE X. VOLA'l'ILE AOID PRODUOTION SEOURED WHEN THE 
ASSOOIATED ORGANISM (TYPE A) WAS ADDED TO 
KILLED OULTURES OF S. LACTICUS 
ROOM TEMPERATURE INOUBATION 
Date of Acidity 
Date of heating Condition at once a nd of of mill, Date ex- after Volatile Inoculation Inoc. adding before ami ned heating Acidity S .lacticus Assoc. h eating in 
Org. percent 
S . lacticus A and af- I I I 
I t e r h eating, the 
Slight 
I I Assoc. Org. 1 5/27 5/28 curd 6/3 .54 35.7 S . lacticus A and af-
t e r h eating, the Solid I I 
Assoc. Org. 1 5/27 5/29 curd 6/4 I 6.2 
S. lacticus B and af-
t e r hea ting, the Not 
Assoc. Org. 2 5/27 5/28 curdled 6/4 .29 32.8 
S. lacticus B and af-
t e r heating, the Solid I 
Assoc. Org. 2 5/27 5/29 curd I 
6/4 4.5 
S. lacticus C and af-
1 t e r heating, the I 
Assoc. Org. 3 6/19 6/2() I 6/24 I .67 I 12.3 
amount of acid had developed, and then the associated organ-
ism (Type A ) added, a high volatile acidity (32.8 and 35.7) was 
secured. The data on this point are presented in table X . This 
table also gives the results of two trials in which sufficient acid 
to curdle the milk had developed before heating; under these 
conditions only a low volatile acidity (4.5 and 6.2) was secured, 
which was probably due to the action of S. lacticns. 
It is entirely possible to inoculate the associated organism 
(Type A) later than S. lactictts and secure a high volatile acid-
ity (34.2 and 40.0 ), as is shown by the data presented in table 
XI. In these trials there was one day's difference in the time 
of inoculation of the two organisms. It should be noted that at 
the time of inoculating the associated organism, ' there was no 
evidence of a change in the milk as a result of the growth of 
S. lactictts. 
'l'he data presented in tables VII to XI inclusive admit of 
certain conclusions as follows: 
TABLE XI. VOLATILE AOID PRODUOTION SEOURED WHEN THE 
ASSOCIATED ORGANISM (TYPE A) WAS ADDED LATER 
THAN S. LACTICUS BUT INTO MILK SHOWING 
Inoculation 
S. lactlOus C then 
Assoc. Org. 3 
S. lacticus D then 
Assoc. Org. 4 
NO OHANGE 
ROOM TEMPERATURE INOUBATION 
Date of 
Inoc. 
S.lacticus 
5/ 2 
5/ 2 
Date of 
Inoc. 
Assoc. 
Org. 
5/ 3 
5/ 3 
Condition 
of milk just be-
fore a dd-
ing Assoc. 
Org. 
INO changei 
/NO Change/ 
Date 
exam-
ined 
5/8 
5/ 8 
Tota l 
acidity 
in 
percent 
.92 
.91 
Volatile 
acidity 
34.2 
40.0 
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(1) 'l'he associated organism (rl'ype A) can be inoculated 
before S. lactictlS and a high volatile acidity obtained. 
(2) Where the associated organism ('l'ype A) is destroyed 
with heat after a considerable period of growth and S . lacticus 
then inoculated, a volatile acidity is obtained which is essen-
tially like that produced by the associated organism alone. 
(3) If S. lacticus develops considerable acid before the as-
sociated organism (Type A) is inoculated, only a low vola-
tile acidity (essentially like that secured with S. lactict~s alone) 
is obtained; this occurs both when S . lacticus is destroyed with 
heat before adding the associated organism and when it is not, 
and is presumably due to the fact that the associated organism 
is unable to grow in the presence of considerable quantities of 
acid. 
(4) By adding the associated organism (Type A) to milk 
in which S. lactictlS has been destroyed by heat after the produc-
tion of only a s~all amount of acid, a high volatile aciclity is 
secured. It is also possible to secure a high volatile acidity by 
adding the associated organism to milk into which S. lactict~s 
was inoculated some little time previously, provided the acid 
production has not gone too far. 
The above conclusions suggest that a definite but not exces-
sive amount of lactic acid and living associated organisms 
('l'ype A) constitute the combination essential to the produc-
tion of a high volatile acidity. Inasmuch as this suggestion 
readily admits o,f a test by the use of sterile lactic acid and the 
associated organism, trials were carried out by adding sterile 
lactic acid to sterile milk and then inoculating the organism in 
question. Lactic acid from different commercial preparations 
was used after sterilization in the autoclave and no variation 
in the results obtajned noted. The data secured in the prelim-
inary trials are given in table XII. 
The results given in table XII show that in the presence of a 
small amount of sterile lactic acid, the associated organism (Type 
A ) produced a volatile a.cidity (31.2 and 31.5) higher than in 
milk without added lactic acid, and essentially the same as 
'l'ABLE XII. VOLATILE ACID PRODUCTION SECURED WHEN THE 
ASSOCIATED O"RGANTSM (TYPE A) WAS INOCULATED IN· 
TO MILK TO WHICH STERILE LACTIC 
ACID HAD BEEN ADDED 
ROOM TEMPERATURE INCUBATION 
Added to the 325 cc. of milk 
Associated Organism 1 alone 
Associated Org. 1 plus 1 cc. sterile lactic acid 
Associated Organism 3 alone 
Associated Org. 3 plus 1 ce. sterile lactic acid 
Uninoculated milk plus 1 cc. sterile lactic acid 
I Days lTotal acidity I Volatile h e I din perce."'n....:t'-';---'a""c"'id"'i"'ty'--
5 . 24 22.0 
5 .47 31.2 
6 .24 22.0 
6 .53 31.5 
7 .42 4.0 
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TABLE XIII. VOLATILE ACLD PRODUCTION SECURED WHEN 
THE ASSOCIATED ORGANISM (TYPE A) WAS INOCULAT· 
ED INTO MILK TO WHICH S'L'ER[LE LACTIC 
ACID HAD BEEN ADDED 
INCUBATION AT 22° C. 
. I DaYS\Total aCiditY\ Added to the 325 cc. of mI lk held in percent 
Associated Organism 3 a lone I 5 .27 
Associated Org. 3 plus 1 cc. sterile lactic acid l 5 .53 
Associated Organism 4 a lone I 5 .27 
Associated Org. 4 plus 1 cc. sterile lactic acid l 5 .52 
Associated Organism 5 a lone I 5 .28 
Associated Org. 5 plus 1 cc. sterile lactic acid l 5 .50 
Un inoculated milk a lone I 6 .19 
Uninocu lated milk plus 1 cc. sterile lactic acid I 6 .45 
Volatile 
acidity 
21.0 
36 .5 
21.1 
31.(} 
22.0 
30.9 
2 .0 
4.2 
that produced when the associated organism was grown in com-
bination with S. lacticns. 
The data given in table XIII were secured with the idea 
of testing out other cultures of the associated organisms and 
also of comparing the volatile acidity secured from uninoculated 
sterile milk with that secured from uninoculated sterile milk to 
which sterile lactic acid had been added. 'fhe results presented 
confirm those given in table XII, in that the volatile acid produc-
tion of the associated organisms was materially increased by 
adding sterile lactic acid to the milk before the growth of the 
associated type. Table XIII also shows that the volatile acid-
ity secured from uninoculated sterile milk to which sterile lac-
tic acid had been added was slightly greater than that secured 
from the uninoculated sterile milk alone. Altho the difference 
is very small, there should be some explanation for it; the 
most logical one is that traces of lactic acid pass over in the 
steam distillation. 
Table XIV presents data showing the volatile acid produc-
tion secured in milk to which sterile lactic acid, varying in 
amounts from 0.25 to 2.0 cc. per 325 cc. of milk, had been 
TABLE XIV. VOLATILE ACID PRODUCTION SECURED WHEN 
THE ASSOCIATED ORGANISM (TYPE A) WAS INOCULAT· 
ED INTO MILK TO WHICH STERILE LACTIC ACID 
HAD BEEN ADDED IN VARYING AMOUNTS 
ROOM TEMPERATURE INCUBATION 
I Days ITO tal acidi ty I Added to the 325 cc. of milk held in percent 
Associated Organ ism 1 alone I 6 I .23 I 
Assoc. Org. 1 plus .25 cc. sterile lactic acid I 6 I .36 
Assoc. Org. 1 plus .5 cc. sterile lactic acid I 6 38 
Assoc. Org. 1 plus 1 cc. steri le lactic acid 6 : 69 
Assoc. Org. 1 plus 2 cc. sterile lactic acid 6 .67 
Assoc. Org. 4 plus .25 cc. steril e lactic acid 7 .42 
Assoc. Org. 4 plus .5 cc. sterile lactic acid I 7 .41 
Assoc. Org. 4 plus 1 cc. sterile lactic a c id 7 .50 
Assoc. Org. 4 plus 2 cc. sterile lactic acid 7 .63 
Associated Organism 6 a lone I 6 .23 
Assoc. Org. 6 plus .25 cc. steri le lactic acid I 6 .32 
Assoc. Org. 6 plus .5 cc. sterile lactic acid I 6 .38 
Assoc. Org. 6 plus 1 cc. steril e lactic acid I 6 .52 
Assoc. Org. 6 plus 2 cc. sterile lactic acid 6 .59 
Volatile 
acidity 
17.7 
28.1 
27.1 
31.5 
36.0 
33 .6 
35.6 
30.1 
31.5 
21.0 
28.5 
31.3 
31. 0 
34.5 
77 
added. 'fhe results show that the increase in volatile acid pro-
duction was not proportional to the quantity of lactic acid 
added, ev:en with these small amounts, and that 0.25 cc. per 
325 cc. of milk gave almost as much of an increase as the 
larger additions. 
In order to determine whether or not considerable amounts 
of sterile lactic acid would prevent the production of a high 
volatile acidity by the associated organism (Type A) the data 
presented in table XV were secured. 'l'hese results show that, 
as would be expected, excessive amounts of sterile lactic acid 
added to milk prevent the production of volatile acid by the 
associated organism. Four cc. of acid per 325 cc. of milk 
prevented any appreciable development of volatile acidity, 
while with 2 cc. the usual development occurred in one case 
and in another only a partial development. Since the data re-
ported in table XIV show a consistent production of a high 
volatile acidity when 2 cc. of lactic acid were added per 325 cc. 
of milk, it seems that this amount of acid can only occasionally 
limit the volatile acid production by associated organisms. Un-
doubtedly certain of these organisms may be more sensitive to 
acid than others: again, it is extremely difficult to distribute 
the acid uniformly, and an uneven distribution may allow the 
growth of the associated organisms by leaving certain portions 
of the milk with comparatively little acid. 
The results already presented show that the associated or-
ganisms yield an increased amount of volatile acid in milk in 
the presence of lactic acid. either when produced by S. ladieus 
or when added in a sterile condition. The data reported in 
table XVI were obtained with the idea of finding out whether or 
not the addition of sterile lactates had the same effect as the 
addition of sterile lactic acid. Ammonium and calcium lactate, 
both commercial preparations, were used; the former was ster-
TABLE XV. VOLATILE ACID PRODUCTION SECURED WHEN THE 
ASSOCIATED ORGANISM (TYPE A ) WAS INOCULATED 
INTO MILK TO WHICH STERILE LACTIC ACID HAD 
BEEN'. ADDED IN VARYING AMOUNTS 
ROOM TEMPERATURE INCUBATION 
Sie,:-; I Added to the 325 cc. of milk 
No. 
I I Total I . Days acidity in VolatIle held percent aC IdIty 
1 IAssoc. Org. 1 a lone I 5 I .27 I 21.0 
IASSOC. Org. 1 plus 1 cc. sterile lactic acid Assoc Org 1 plus 4 cc sterile lactic acid I 5 I .52 I 34.8 5 1 19 I 5 8 
" 
2 IAssoc . Org. 1 plus 1 cc. ste,rile lactic acid I 
IASSOC. Org. 1 plus 2 cc. sterile lact ic acid 
Assoc. Org. 1 plus 4 cc. sterile lactic acid 
IAssoc. Org. 2 plus 1 cc. sterile lactic acid 
IASSOC. Org. 2 plus 2 cc. sterile lactic acid 
Assoc. Org. 2 plus 4 ce. sterile lact ic acid 
3 Iumnoculated mIlk plus 1 cc. sterile lactIc aCld l 
Un inoculated milk plus 2 cc. sterile lact ic acid 
Uninoc ulated milk plus 4 cc. steri le lactic acid 
4 
4 
4 
4 
4 
4 
32.9 
18.5 
4.5 
29.2 
30.1 
4.9 
2.5 
2.7 
3.7 
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TABLE XVI. VOLATILE ACID PRODUCTION SECURED WF(EN THI~ 
ASSOCIATED ORGANISM (TYPE A) WAS GROWN IN MILK TO 
WHICH STERILE LACTATES HAD BEEN ADDED. AMMON-
IUM LACTATE ADDED AT RATE OF 1 CC. PER 325 CC. 
OF MILK. CALCIUM LACTATE ADDED AT RATE 
OF 1.25 GRAM PER 325 CC. OF MILK 
ROOM TEMPERATURE INCUBATION 
Organism used 
Uninoculated milk alone . 
Un inoculated milk plus ammonium lactate 
Assoc. Org. 1 plus ammonium lactate 
Assoc. Org. 2 plus ammonium lactate 
Assoc. Org. 8' plus a mmonium lactate 
Assoc. Org. 9 plus ammonium lactate 
Uninoculated milk a lone 
Uninoculated milk plus calcium lactate 
Assoc. Org. 8 alone 
Assoc. Org. 9 alone 
Assoc. Org. 8 plus calcium lactate 
Assoc. Org. 9 plus calcium lactate 
Days 
held 
4 
5 
7 
7 
7 
7 
7 
7 
'
Total aCid-, 
lty In 
perce nt 
.18 
.18 
.28 
.34 
.28 
.26 
.28 
.27 
. ~0' 
.29 
.30' 
Volatile 
acidity 
1.6 
1.5 
19.6 
20'.2 
15.2 
17.2 
2 . 4 
3.2 
19.9 
19.0' 
19.0-
18 .0' 
ilized in the autoclave and added at the rate of 1 cc. per 325 
cC. of milk, while with the latter, a strong aqueous solution was 
made, sterilized and added at such a rate that 1.25 grams of the 
salt were employed per 325 cC. of milk. 
'1'he results given in table XVI indicate that sterile lactates 
did not yield vo-latile acid when they were added to milk in 
which the associated organism was grown; the volatile acidities 
obtained were essentially the same as those secured in milk 
without any additions. Suzuki, Hastings and Hart (31) con-
cluded from a study of the production of volatile fatty acids 
and esters in cheddar cheese that the principal source of acetic 
and propionic acids was probably lactates. They used calcium 
lactate and inoculated bits of cheese instead of specific organ-
isms. Apparently, lactates are not attacked by the associated 
organisms in the way they are by the mixed flora found in 
cheese. 
An analysis of the data given in tables VII to XV, inclusive, 
indicates that the greater volatile acid production secured with 
starters than with Dure cultures of either the associated organ-
i'lm (Type A) or S. lactict~s, is due to the associated organism 
acting on the lactic acid produced by S. lacticus. The combina-
tion necessary for a high volatile acid production is, as has al-
ready been pointed out, a living associated organism and lactic 
acid in the proper amounts. 
THE SOURCE OF THE VOLATILE ACIDITY PRODUCED IN MILK 
BY THE ASSOCIATED ORGANISM ( TYPE A) ALONE 
Altho the presence of lactic acid in milk cnables the associated 
organism to produce a volatile acidity essenti<llly the same as 
that produced by a good starter, this organism produces a con-
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siderable amount of volatile acid in milk alone and this must 
come from some other material, since lactic acid is not present 
in milk except as produced by fermentation. 
Citric acid is one of the normal constituents of milk that is 
present in only small amounts (about 0.1 to 0.2 percent). Bos-
~orth and Prucha (2) found that "during the spontaneous 
souring of milk the citric acid in it was changed into acetic acid 
and carbon dioxide" and that "starter and buttermilk con-
te-ined some agent capable of bringing about this change." 
These investigators tried a number of the common dairy bac-
teria, but Bact. aerogenes was the only one found to have the 
power of fermenting citric acid. Hammer and Bailey (17), 
however, failed to get a volatile acidity comparable with the 
volatile acidity produced by a starter when this organ-
ism was inoculated into milk. 
In view of the results of Bosworth and Prucha, experiments 
were carried out to determine whether or not the associated or-
ganism (Type A) could produce volatile acid from citric acid. 
These trials consisted of adding to the milk in varying amounts 
a sterile citric acid solution of a known ~trength and then inocu-
lating the associated organism. The results secured are pre-
sented in table XVII. 
The data given show that the addition of steri le citric acid 
to milk increased very materially the volatile acidity produced 
by the associated organism. The addition of 0.4 gram of citric 
acid to 325 cc. of milk (about 0.12 percent) almost doubled the 
amount of volatile aciditv nroduced: adding 0.8 gram (about 
0.25 percent) increas€d still further the amount of volatile acid-
TABLE XVII. VOLATILE ACID PRODUCTION SECURED WHEN 
THE ASSOCIATED ORGANISM (TYPE A) WAS INOCULATED 
INTO MILK TO WHICH CITRIC ACID HAD BEEN ADDED 
ROOM TEMPERATURE INCUBATION 
Inoculation Citric aciu added to 325 cc. of milk Days held 
None I O.() gram 
None I .4 gram 
None I .8 gram 
None I 1.2 gram 
Associated Organism 11 0.0 gram 3 
Associated Organism 11 .4 gram 
Associated Organism 11 .8 gram 
Associated Organism 11 1.2 gram 
Associated Organism 31 0.0 gram 4 
Associated Organism 31 .4 gram 4 
Associated Organism 31 .8 gram 
Associated Organism 31 1.2 gram 4 
Associated Organism 51 0.0 gram 
Associated Organism 51 .4 gram 
Associated Organism 51 .8 gram 
Associated Organ~sm 51 1.2 gram 4 
Volatile 
acidity 
1.8 
1.4 
1.5 
1.4 
21.2 
40.0 
56.1 
55.3 
24 .0 
42.3 
61.3 
54.2 
24.0' 
45.6 
62 .0 
65.8 
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ity; while adding 1.2 grams (about 0.37 percent) gave values 
not very different than those secured with 0.8 gram, altho· in 
two out of the three comparisons, the values were actually lower 
for the larger amount of acid. It would not be expected that the 
volatiLe acid production could be indefinitely increased by the 
addition of citric acid, as there must be a limit of toleration of 
volatile acidity for the associated organism. 
Since citric acid is a normal constituent of milk and since the 
associated organism can produce volatile acid from this, it 
i>eems justifiable to conclude that the citric acid is the material 
in milk from which the volatile acid is produced by the assoc-
iated organism (Type A) in pure cultures. rrhe results secured 
also indicate that the agent in starter and buttermilk which 
Bosworth and Prucha (2) found was capable of attacking citric 
acid, was the associated organism. 
INVESTIGATIONS WITH TYPE B. 
THE VOLATILE ACID PRODUCTION OF TYPE B ALONE AND IN 
COMBINATION WITH S. LACTICDS 
The statement has already been made that rrype B produces 
large amo:unts of volatile acid, but r esults showing this have 
not been given. Table XVIII presents data illustrating the 
volatile acid proouction of Type B alone and in combination 
with S. ~actict~s; the volatile acid production of some of the S. 
lacticns cultures is also given. 
'I'ABLE XVIII. THE VOLATILE ACID PRODUCTION SECURED 
WITH ASSOCIATED ORGANISM (TYPE B) ALONE AND 
IN COMBINATION WI'I'H S. LACTICDS 
ROOM TEMPERATURE INCUBATION 
Inoculation 
\ D \ 
Tota l aCid-\ 
ays 't'n Volatile 
h eld 1 Y 1 acid ity Type B S. lacticu8 percent 
Assoc. Org. 101 a lone I 5 .72 30.8 
Assoc. Org. 101 L 
I 
5 1.20 36.0 
Assoc. Org. 102 a lone 5 .77 36.9 
Assoc. Org. 102 M I 5 1.16 36.9 
Assoc. Org. 103 a lone I 6 .68 31.0 
Assoc. Org. 104 a lone 6 .63 28.5 
Assoc. Org. 104 N 6 1.15 39.6 
N a lone 6 .83 7.5 
Assoc. Org. 105 a lone 6 .59 29 . () 
Assoc. Org. 106 alone 7 .49 32.8 
Assoc. Org. 106 0 I 6 1.11 35.0 o a lone 6 .95 8.1 
Assoc. Org. 107 a lone 7 .49 36.1 
Assoc. Org. 107 P 6 1.15 42.0 
Palone 6 .99 8.0 
Assoc. Org. 108 a lone 7 . 56 34.6 
Assoc. Org. 108 R (2 days later) 7 1. 23 45.7 
Assoc. Org. 109 a lone 5 .45 23.8 
Assoc. Org. 109 R (2 days later) 5 .96 38.5 
Assoc. Org. 110 a lone 6 .39 29.5 
Assoc. Org. 110 R 6 1.14 39.1 
Assoc. Org. 111 a lone 6 .52 37.3 
Assoc. Org. 111 R 6 1.14 40.0 
R a lone 6 .90 8 .0 
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In the data given the volatile acid production of 'l'ype B alone 
varies from 23.8 to 37.3 and the total acidity from .39 to .77 per-
cent. Altho the results show considerable variation, the volatile 
acidity and total acidity produced are in general higher than 
those produced by 'l'ype A; usually the volatile acidity pro-
duced by 'l'ype B when grown alone is about as high as that 
produced by a good starter. 
When Type B was grown in combination with S. lacticus, 
the volatile acidity produced varied, in the data given in table 
XVIII, from 35.0 to 45.7 and in g'eneral was higher than the 
volatile acidity secured with Type B alone, altho in one instance 
the value for the combination (36.9) was the same as the value 
for rfype B alone. The volatile acidities of the S. lacticus cul-
tures for which results are given, varied from 7.5 to 8.1, and 
these results are sufficiently representative for this organism 
so that they can be used for all of the S. lacticus cultures em-
ployed in table XVIII. With a number of the comparisons, 
the addition of the volatile acidities for the two organisms gives 
a value greater than the volatile acidity produced by the two 
in combination; the adding of the values for the two organisms 
introduces an error in that the initial volatile acidity of the 
milk is included twice, but this is relatively unimportant. It 
seems, accordingly, that, while there was a somewhat greater 
volatile acidity secured when Type B was combined with S. lac-
tic~ts than when it was grown alone, this was often accounted 
for by the volatile acid production of S. lactiCtts . 
ISOLATION OF THE ASSOCIATED ORGANISM OF THE ·B TYPE 
The associated organism of the B type was isolated by the 
plate method in all cases. When colonies are picked from whey 
agar plates poured from starters, the B type is quite readily 
detected because of its reaction in litmus milk. This consists in 
young cultures of a definite reddening without coagulation, ex-
cept for a very small amount of curd in the bottom of the tubes 
in a few instances; with old cultures coagulation was occasionally 
complete. Reduction of the litmus was never observed except 
iu the small coagulated portions and in these instances is prob-
ably to be explained by the rapid penetration of the oxygen of 
the air as long as the milk is uncoagulated. In the old coagu-
l:-.ted cultures reduction did not occur. 
In using the method of repeated transfers Type B was never 
isolated, altho this organism was present in some of the starters 
with which the method was employed. 
Testing O1,d the organism seCttred. The associated organism 
of the B type was identified by its reaction in milk as outlined 
above and by its volatile acid production. The volat.ile acidity 
to be expected is shown in table XVIII and, while there is con-
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siderable variation between different cultures, the volatile acid-
ities are always much in excess of the results secnred with S. lac-
ticus. 
PRESENCE OF TYPE B IN STARTERS, BOTH CREAMERY AND 
COMMERCIAL 
'l'he associated organism of the B type was not found so con-
stantly in the starters examined, either creamery or commercial, 
as was the A type. In one of the commercial starters it was 
found very regularly, while it has been occasionally found in 
others. It has also been found in natural starters in a number 
of instances. Some very good starters have never yielded Type 
B in a considerable number of examinations, and only the one 
commercial culture yielded it regularly. 
THE SOURCE OF THE VOLATILE ACIDITY PRODUCED BY TYPE 
B IN PURE AND MIXED CULTURES 
With Type B, the difference between the volatile acidity pro-
duced in pure culture and that produced in combination with 
S. lactictts is in general less than with Type A; accordingly, the 
important consideration with 'l'ype B is the source of the vola-
tile acidity in pure cultures. 
Table XIX presents data showing the effect of adding citric 
acid on the volatile acidity produced by rl'ype B in milk; from 
these results it is evident that the addition of citric acid to milk 
greatly increased the volatile acid production of the organism 
(1.5 grams of citric acid to 325 cc. of milk yielding' volatile acid-
ities from 67.6 to 87.1) and they accordingly indicate that the 
citric acid normally present in milk is at least one of the sources 
of the volatile acidity produced by Type B. 
Data showing the influence of adding sterile lactic acid or 
lactates to milk on the volatile acid production of Type B are pre-
sented in table XX. Milk to which lactic acid had been added 
TABLE XIX. VOLATILE ACID PRODUCTION SECURED WHEN 
THE ASSOCIATED ORGANISM (TYPE B ) WAS INOCULA TED 
INTO MILK TO WHICH CITRIC ACID HAD BEEN ADDED 
ROOM TEMPERATURE INCUBATION 
Inoculation 
None 
None 
Associated Organism 113 
Associated Organism 113 
Associated Organism 114 
Associated Organism 114 
Associated Organism 110 
Associated Organism 110 
Associated Organism 111 
Associated Organism 111 
Associated Organism 111 
Associated Organism 112 
Associated Orga nism 112 I 
Citric acid added to 
325 cc of milk 
0.0 gram 
1.5 gram 
0.0 gram 
1.5 gram 
0.0 gram 
1.5 gram 
0.0 gram 
1.5 gram 
0.0 gram 
.75 gram 
1.5 gl'am 
0.0 gram 
1.5 gram 
I Days held I 
I 
7 
7 
8 
8 
9 
8 
7 
8 
7 
8 
8 
Volatile 
acidity 
2.6 
2.7 
29.3 
82 .9 
27.4 
87.1 
32.4 
83 .2 
30.2 
52.6 
79.2 
18.5 
67.6 
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TABLE XX. VOLA't'ILE ACID PRODUCTION SECURED WHEN THE 
AS~OClA'l'ED ORGANISM (TYPE B) WAS GROWN IN MILK 
TO WHICH STERILE -LACTIC ACID OR LACTATES 
HAD BEEN ADDED 
Lactic Acid Added at Rate of 1 cc. per 325 cc. of Milk. 
Ammonium Lactate Added at Rate of 1 cc. per 325 cc. of Milk. 
Calcium Lactate Added at Rate of 1 gram per 325 cc. of Milk. 
ROOM TEMPERATURE INCUBATION 
Added to the milk 
Uninoculated milk alone 
Un inoculated milk plus lactic acid 
Uninoculated milk plus ammonium lcatate 
Un inoculated milk plus calcium lactate 
Associated Organism 113 alone 
Associated Organism 113 plus lactic acid 
Associated Organism 113 plus ammonium lactate 
Associated Organism 113 plus calcium lactate 
Associated Organism 114 alone 
Associated Organism 114 plus lactio acid 
Associated Organism 114 plus ammonium lactate 
Associated Organism 114 plus calcium lactate 
Associated Organism 110 alone 
Associated Organism 110 plus lactic acid 
Associated Organism 110 plus ammonium lactate 
Associated Organism 110 plus calcium lactate 
Associated Organism 111 alone 
Associated Organism 111 plus lactic acid 
Associated Organism 111 plus ammonium lactate 
Associated Organism 111 plus calcium lactate 
Associated Organism 112 alone 
Associated Organism 112 plus lactic acid 
Associated Organism 112 plus ammonium lactate 
Associated Organism 112 plus calcium lactate 
Days 
held 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
9 
9 
7 
7 
8 
7 
8 
8 
8 
8 
Volatile 
acidity 
2.6 
5.7 
1.() 
1.6 
2!'-3 
33.8 
20.2 
27.7 
27.4 
38.3 
18.8 
34.3 
32.4 
38.5 
12.6 
28.6 
30.2 
33.5 
26.7 
27.5 
18.5 
3().7 
13.1 
15.8 
gave in general a somewhat higher volatile acidity than milk 
alone, and the difference was greater when the volatile acidity 
of Type B was low than when it was high. When the volatile 
acidity of the uninoculated milk to which sterile lactic acid had 
been added is taken into consideration, the results :seeured are 
in agreement with those obtained when Type B was grown in 
combination with S. lactict£s. The addition of lactates usually 
resulted in a decreased volatile acid production and the decrease 
was greater with ammonium lactate than with calcium lactate. 
From the standpoint of volatile acid production, the situation 
with Type B is somewhat different than with Type A. 
Altho both organisms produce volatile acid from citric 
acid, the volatile acid production in pure culture with Type B 
is considerably higher in general than with TypeA. The vola-
tile acid production of 'l'ype A is definitely increased by the ad-
dition to the milk of lactic acid, either in a sterile condition or 
as a result of fermentation, while this is not regularly the case 
with Type B. On the other hand Type B produces considerable 
acid in the milk, while Type A does not. This suggests that 
'rype B produces volatile acid either directly or indirectly from 
some constituent of the milk other than citric acid. It is cer-
tain that only a small part of the acid produced in milk by 
Type B is volatile and unreported data that have been obtained 
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show that at least some of the non-volatile acid is lactic. Ac-
cordingly it may be that while 'l'ype A takes the lactic acid 
elaborated by S. lactictlS and changes it into volatile acid, Type 
B produces its own lactic acid to be used in such a transform-
ation. This explanation accounts for the fact that Type B often 
produces about as much volatile acid when grown alone as when 
grown in combination with S. lactictls, the volatile acidity pro-
duced by S. lactictls being deducted from the value for the mix-
ture of organisms. 
With both 'l'ype A and Type B a much higher volatile acid-
ity was secured by adding citric acid to milk than in any other 
way. This suggests that citric acid is, under natural condi-
tions, a more satisfactory and efficient source of volatile acid 
than anything else. Type A and probably also Type B, pro-
duce comparatively little volatile acid from other sources, and 
while this is sufficient to raise the volatile acid production some-
what above that coming from the citric acid alone, it explains 
the limit of from 30 to 40 for the volatile acidity of starters 
under ordinary conditions; with the amounts of lactic acid in 
starters the volatile acidity would undoubtedly be much above 
t~ese values if lactic acid were an entirely satisfactory source 
of volatile acid. 
STUDIES OF' THE ASSOCIATED ORGANISMS WInCH 
DEAL WITH B01'H TYPE A AND TYPE B. 
Some of the results obtained in the study of the associated or-
ganisms are such that they can best be considered by dealing 
with the two types at the same time. 
THE INHIBITORY INFLUENCE OF THE ASSOCIATED ORGANISMS 
ON THE ACID DEVELOPMENT OF S. LACTICUS 
In the combining of S. lactictlS and the associated organisms, 
Type A was shown to be prevented from producing the usual 
volatile acidity by excessive amounts of acid and it is probable 
that the activity o·f 'l'ype B could be limited in the same way. 
The associated organisms, however, also restrain the activity of 
S. lactictls, as is evident from the following consideration. 
In preparing mixtures of S. lactictls and the associated or-
ganisms for use in developing starters, it was the usual prac-
tice to inoculate the associated organism into sterile milk on one 
day and S. lactiCtlS on tlle next, so that the associated organism 
would have a good opportunity for growth. It was observed 
that the milk in which one of the associated types had grown 
for a day before S. lactictlS was inoculated did not coagulate as 
rapidly as did the milk containing S. lactiwS' alone. Altho 
equal amounts of S. lactictlS had not been inoculated in the dif-
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ferent lots of milk, the very great difference in the time of coag-
ulation suggested that the associated organism delayed the acid 
development by S. lactictiS. This suggestion was tested out in 
a series of experiments in which equal amounts of a suspension 
of S. lacticus were used for inoculating the milk with and with-
out the associated organism, S. lactictiS being' inoculated one day 
after the associated type. A portion of the data obtained, suf-
ficient to show the general trend of the results, is presented in 
table XXI. 'l'he tests were then duplicated, except that the two 
organisms were inoculated at the same time. 'l'he results se-
cured are given in table XXII. 
From tables XXI and XXII it is evident that the associatp.d 
organism"", delay the development of acid by S. lactictiS. Thi·<; 
is evident in several ways. 
First,-in the time renuired for cf)aQ'ulation. Tn general the 
milk containing only S. lactiC1ls curdled before milk of the same 
lot in('culated with Rn enual amount of a susDE'nsion of S. lac-
t;C1IS. hllt Rlso cont<1,ining the RC><; '1cia t ed OT"!!lmism. The extent 
to which the coagulation was delayed varied greatly due prob-
~'ABLE XXI. INFLUENCE OF THE ASSOCIATED ORGANISMS ON 
Ser-
ies 
No. 
THE ACID DEVELOPMENT OF S . LACTICDS 
Associated Organisms Inoculated 1 clay before S. Zacticus 
ROOM TEMPERATURE INCUBATION 
Curd-
Assoc. Org. Assoc. S. la c- Curd- ling Acidity ling com- in per I Org. tict<s began plete cent on No. Type Inoc. Inoc. after after date in-
approx. approx. dicated 
Acidity 
in per 
cent on 
date in-
dicated 
Acidity 
in per 
cent on 
date in -
dicated 
I I I I On 1-10 li on 1-11 I On 1-12 
1 I 10 A± 1 1i -=777 1 1- 8 123 hr. 28 hr. .87 .99 1.1() I 11 1-8 24 hr. 30 hr. .87 1. 02 1. 08 12 1-8 24 hr. 30 hr. .87 1.03 1 1.07 
None 1-8 18 hr. 18.5 hr. .92 1.()3 1.09 
2 \1 Ig ~ U u I 1 42 hr. li on I:W II On 1:!~2 II On q~ 
112 B 1-8 1-9 23 hr. 1 42 hr. 1 .90 1.00 1.13 
__ I None _-+ __ --+-....:I=---=.9-+I....:l:.:6....:h:..:r-=.. -+-=1:.:8-=h:..:r-=.. +~~. 9:,;7-,-!---,o,....=,I;.:. 0:;3~_-=-1 :":' 0..:.9_ 
3 12 
10 
112 
117 INone None 
4 11H 
1
112 
None 
INone 
5 1 12-
16 
I 116 
I 111 
INone 
,None 
A 
A 
B 
B 
\ I I On 1-14 On 1-16 I 1 11 1-12 26 hr. 39 hr. 1 .86 .95 1=11 1-12 26 hr. 39 hr. .86 . 95 
1-11 1-12 39 hr. .90 1.02 
1-11 I 1-12 \ 39 hr. \ .85 .99 I 1-12 21 hr. 23 hr. .86 .92 1-12 21 hr. 23 hr. .85 .92 
i I UI I' ~~H :: ::: 1 II 0" 'I!' 1-19 25 hr. .83 I 
1-19 25 hr. .81 
l\1----Y::U1---Y:-27 -148lir:- 1:---:1 
A I 1-26 1-27 
B 1-26 I 1-27 40 hr. I I 
B I 1-26 1 1-27 48 hr. 
1 1-27 1 25 hr. 1 I 1-27 25 hr. I 
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'l'ABLE XXII. INFLUENCE OF THE ASSOCIATED ORGANISMS ON 
THE ACID DEVELOPMENT OF S. LACTICUS 
Associated Organisms and S. lacticus Inoculated at the same time 
ROOM TEMPERATURE INCUBATION 
I Assoc. Org. I' I Curdling /curdling I Acidity in Series ___ -,-----__ Time of began complete percent on No. I Inoc. after after date indi-
No. Type approx appl'ox cated 
) II II I I On 1-14 1 
\ 
12 A 1-13 15 hr. .85 
17 A I 1-13 
I 
21 hr. 24 hr. 
1 112 
B I 1-13 15 hr. 19 hr. 
120 B I 1-13 15 hr. .84 
None I 1-13 15 hr. .81 
___ l None I 1-13 I 15 hr. . 81 
I I 
I 
On 1-15 
2 10 A I 1-14 I 39 hr. 
17 A I 1-14 I 39 hr. 
110 B I 1-14 I 24 hr. 27 hr. .66 
112 B I 1-14 
I 
23 hI'. 27 hr. 
I 
.65 I 18 A I 1-14 39 hr. None I 1-14 23 hr. 24 hr. .67 
I 
I 
! 
\ 
On 1-21 
3 10 A I 1-19 39 hr. .80 
19 A I 1-19 39 hr. 
I 
.79 
110 H I 1-19 39 hr. .63 
112 B I 1-19 25 hr. .79 
None I 1-19 25 hI' I . 83 I None I 1-19 I 25 hr. I .81 
4 12 A I 1-27 I I 40 hr. I 16 A I 1-27 I 4() hr. 42 hr. I 116 B I 1-27 I 40 hr. 42 hr. I 111 B I 1-27 I 42 hr. None I 1-27 25 hI'. I I None I 1-27 I 25 hr. I 
I 
I 
I 
I 
I 
Acid ity in 
percent on 
date indi-
cated 
On 1-19 
1.19 
1.19 
1.21 
1.10 
1.16 
1.16 
On 1-19 
1.12 
1.13 
1.14 
1.23 
1.13 
1.12 
On 1-27 
1.01 
1.01 
.99 
1.0!} 
1.00 
.99 
ably to variations in the extent of the development of the as-
sociated organisms in the different cultures. 
Second,-in the time elapsing between beginning and com-
plete coagulation. In milk containing S. lact:'c1IS alone, only 
a short time elapsed from beginning to complete coagulation' 
[the results reported agreeing in this respect with the findings 
of Van Slyke and Baker (32) in their study of the souring of 
milk], while in milk containing S. lactiws together with the 
associated organism, a much longer time was required to effect 
the complete curdling' of the milk after a slight coagulation was 
evident. The results obtained with the mixed cultures are not 
exactly comparable with starters, since the associated organ-
isms undoubtedly made up a larger percentage of the total 
flora in the mixtures than they do in starters under ordinary 
condi tions. 
Third,-in the acidity developed. Early in the holding per-
iod, the acidity of the milk containing S. lactic1ls alone was 
generally higher than the acidity of milk of the same lot con-
taining this organism in combination with one of the associated 
types. After a more exten ded holding period, however, it was 
common to find the acidity of the mixed cultures slightly higher 
than that of cultures of S. lactic1ls alone; the differences were 
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so small that they would not be of any significance if they were 
not in agreement with the results of Hammer and Bailey (17), 
which &how quite generally a slightly greater a,cidity in cul-
tures showing a high volatile acidity (that is, cultures contain-
ing the associated organism ) than in pure cultures of S. lac-
tim~s. 
Trials were also run in which the associated organism was 
grown in milk for one da,y and then killed by heat before add-
ing S. lactictls. The results were not consistent, but in the 
majority of instances the killed cultures exerted a slight re-
straining action on the rate of acid development by S. lact ict~s, 
altho the influence was not nearly as great as the influence of 
the unheated cultures. 
COMPARATIVE NUMBERS OF S. LACTICUS AND ASSOCIATED 
ORGANISMS IN STARTERS 
The results of Hammer and Bailey (17) show that when a 
starter was diluted and varying amounts added to sterile milk, 
the tubes (showing' growth) which contained the smaller 
amounts of starter yielded only a low volatile acidity, while 
those containing larger amounts gave a high volatile acidity 
that was essentially the same as that secured with considerable 
amounts of starter. 'l'his indicates that in the original mater-
ial S. lactict~s was generally present in larger numbers than was 
the associated organism. 
More definite information on the comparative numbers of S. 
luctictls and the associated organisms was secured by pouring 
whey agar plates with the starter to be studied and picking off 
a considerable number of colonies into litmus milk after a satis-
factory incubation of the plates. The tubes of litmus milk 
",{cre held at 20° C. for several days and then examined and the 
organisms classified. The S. lactict~s cultures were readily de-
tected, if they were typical, by the reaction in litmus milk; the 
associated organism of the B type could be told in much the 
same way and the A type was detected by taking the tubes 
showing no change and staining or culturing on whey agar 
slopes to be sure that organisms were present. The volatile acid 
production of the organisms classed as the associated typ,es 
could not be checked out in all cases, because of the immense 
amount of work involved. Previous E'xperience with the organ-
isms, however, and a careful study of the cultures secured, in-
dicated that the classification of these organisms was approxi-
mately correct. The number of colonies picked varied a great 
deal, but contiguous colonies in sufficient numbers so that the 
percentages would be reasonably accurate were secured. 
The results obtained varied a great deal. In a few instances 
plates were secured from starters in which all or nearly all of 
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TABLE XXIII. COMPARATIVE NUMBERS OF S. LACTICDS AND 
ASSOCIATED ORGANISMS IN CREAMERY STARTERS 
CARRIED IN ONE CREAMERY 
Starter from culture Total No. Percent Associated Percbnt Organisln~ put out by colonies S. lactictl.8 
manufacturer lHnkcd T ype A Type B 
A 52 90 10 0 
A 49 88 12 0 
E 52 90 10 0 
E 49 94 ti 0 
D 40 87.5 12.5 0 
C 43 72 28 0 
A 68 88 12 0 
--* 92 63 2 35 
* Natural starter. 
the colonies belonged to one of the associated types. The rea-
son for this was not evident from the available history of the 
starters or from anything that could be learned regarding them 
in the laboratory, and accordingly these unusual results are not 
included in the tables presented. 
Table XXIII gives the comparative numbers of S . lacticus 
and the associated organisms in creamery starters carried in 
one creamery. The starters were propagated from cultures 
coming from a number of manufacturers. From 40 to 92 colon-
ies were picked from the plates poured with each starter. With 
the eight starters for which results are given, from 63 to 94 
percent of the colonies picked were of the S. lactict~s type, leaving 
the percentage of the associated organisms from 6 to 37. Seven of 
the eight starters showed associated organisms of the A type 
only, while the one remaining, which wa a natural starter, 
showed Type B to the extent of 35 percent and Type A to the 
extent of 2 percent of the total flora. 
Additional data on the comparative numbers of S. lacticus 
and the associated organisms in creamery starters are given in 
table XXIV. These results were obtained on starters carried 
under varying conditions by different persons, all of whom 
had had considerable experience in starter making. The col-
onies picked from the plates poured with each starter varied 
'I'ABLE XXIV. COMPARATIVE NUMBERS OF S. LACTICDS AND 
ASSOCIATED ORGANISMS IN CREAMERY STARTERS 
Starter from culture I Total No. 
put out by colonies 
111anufacturer pic]\:ed 
H I 75 
H I 56 C 66 
D I 72 
A 
I 
64 
C 72 
D 77 
E I 62 
H I 53 A 68 
--* I 63 
* Natural starter. 
I r Percent Assoclated-i:1~~~~~8 _=-_...:O~rc=g~a::.:.n :.:i s~m;;:s~----,.,--
Type A I Type H 
97 I 3 0 
98 2 0 
91 9 () 
99 1 0 
97 3 0 
94 6 0 
96 4 0 
89 11 0 
98 2 0 
99 1 0 
87 0 13 
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TABLE XXV. COMPARATIVE NUMBERS OF S . LACTICUS AND 
ASSOCIATED ORGANISMR IN COMMERCIAL CULTURES 
DISTRIBUTED IN MILK 
Culture Tota l No. Percent Percent Associated put out by colonies Organisms 
manufacturer picked S. lactic?(8 Type A I Type 13 
C 96 92 8 0 
C 76 32 0 68 
A 73 92 8 0 
A 34 97 3 0 
C 37 95 0 5 
C 33 88 3 9 
A 38 95 5 0 
from 53 to 77. In the 11 starters studied, the percentage of 
the S. lacticus type varied from 87 to 99, leaving from 1 to 13 
percent of the flora made up of associated organisms. Ten of 
the starters had only Type A representing the associated forms, 
while one had only 'l'ype B, and in this the associated organisms 
made up a larger part of the flora than in any of the other 
starters. 
'fable XXV presents data showing the comparative numbers 
of S. lactict~s and the associated organisms in commercial cul-
tures distributed in milk. The cultures usually arrived unco-
agulated and the material worked with was obtained by allow-
ing these to stand over night at room temperature so that co-
agulation would occur. 'fhe products of only two manufactur-
ers are included; these were selected because they represent very 
different floras, the one never containing Type B, while the 
other usually showed this type. From 33 to 96 colonies were 
picked from the plates poured with each starter and of these, 
32 to 97 percent were S. lacticus; the associated organisms ac-
cordingly made up from 3 to 68 percent of the total flora. The 
product of manufacturer A in three trials showed only the A 
type of associated organiFm, while the product of manufacturer 
C in four trials showed Type B alone in two, 'fype A alone in 
one and both Type A and Type B in one. 
Data showing the comparative numbers of S. lactictls and the 
associated organisms in powdered commercial cultures after a 
number of transfers in milk are presented in table XXVI. The 
number of colonies picked from the plates poured with the three 
starters representing two manufacturers varied from 35 to 61, 
and of these from 81 to 89 percent were S. lacticns, leaving from 
TABLE XXVI. COMPARATIVE NUMBERS OF S. LACTICUS AND 
ASSOCIATED ORGANISMS IN S'I'ARTERS MADE BY CARRY-
ING POWDERED COMMERCIAL CULTURES IN STERILE MILK 
Culture put out -, Transfer f Total No. f 
by manufacturer In stel'lle colOni es 
Milk picked 
A 
G 
G 
6 
5 
7 
3r) 
61 
27 
Percent I 
S. lactic'lts 
86 I 
89 I 81 
Percent Associated 
Organisms 
Type A I Type B 
14 , 0 
11 () 
19 () 
90 
11 to 19 percent of the flora made up of associated organisms. 
Type A was the only associated form found. 
From the data presented in tables XXIII to XXVI inclusive, 
it is evident that in general both the creamery and commercial 
cultures studied contained much larger numbers of S. lacticus 
than of the associated organisms. S. lactiC1~s often made up 90 
percent or more of the total flora and only occasionally fell 
under 75 percent. The results also indicate that Type B is 
much less frequently met with than 'fype A, but that Type B, 
when present, sometimes makes up a considerable portion of the 
flora. Often the comparative numbers of the associated organ-
isms were so small (1 to 3 percent) that it would seem that this 
type could not be of any significance, but the constant differ-
ence in the volatile acidity produced when the associated types 
were present or absent definitely disproves this. 
In addition to the results presented, a number of starters 
were examined at different acidities. ages, etc., in an attempt 
to determine under what conditions the associated organisms 
were present in largest numbers compared to S. lactict~s. With a 
given starter the acidity seemed to have little influence on the 
percent of the flora made up of associated types when the plat-
ings were made within a day or so of each other. From the 
fact that Type A commonly lives longer than S. lacticus in old 
acid milk, it would seem that in starter held for several days, 
there should be exceptionally high percentages of this form. 
In the trials made this was not the case, however, and the same 
conclusion is suggested by the results obtained with the method 
of isolation consisting of transferring from old acid milk, since 
ill the successful isolations the numbers of colonies of the associ at-
. ed organism present on the whey agar slope were often very small. 
Attempts were also made to determine whether the associated or-
ganisms made up a larger percentage of the total flora at the 
top or bottom of a deep layer of starter, but the results ob-
tained admitted of no definite conclusions. 
THE PREPARATION OF SATISFACTORY STARTERS 
The preparation of satisfactory starters was attempted by 
mixing S. lactiC1~s with the associated organisms and carrying 
the mixtures in pasteurized milk in the same way that starters 
are ordinarily carried. The mixtures were usually prepared by 
inoculatng the associated type into a tube of sterile milk a day 
before S. lactictts and then holding the tube until coagulation 
occurred. In general the method yielded starters that were 
satisfactory and some of them were exceptionally good; in some 
few cases, however, the preparations secured were of a poor qual-
ity and were discarded after a few transfers. 
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Type A was used in some of the starters, Type B in some 
and in a few both were used. Satisfactory results were usually 
secured with all of these and the data obtained did not admit of 
any conclusions as to whether either organism or the combina-
tion was best. 
Attempts were repeatedly made to prepare satisfactory start-
ers by carrying' pure cultures of S. lactict~s in pasteurized 
milk. Altho such cultures were often carried thru many trans-
fers, a satisfactory starter was never secured. The products ob-
tained were always flat and undesirable and not at all sugges-
tive of the pleasing odor and flavor present in a good starter. 
The results obtained make it evident that the associated types 
are important from the standpoint of starter making and that 
satisfactory starters are not pure cultures of S. lactiws. 
CHARACTERISTICS OF TYPE A AND TYPE B 
'rhe associated organisms isolated from starters were consid-
ered to represent two distinct types, mainly because of differ-
ences in the total acid development, the ability to grow at 37° C. 
and the volatile acidity produced. From the data that have 
been presented, it seems that the difference in the volatile acidity 
produced is dependent upon the difference in the total acidity, 
since some of the volatile acidity produced by Type B 
likely comes from the lactic acid produced by this organism. 
While it is possible to classify most of the associated organ-
isms as Type A or Type B, the results secured with some of the 
cultures studied suggest that they sta.nd between the two charac-
terized types. This indicates that the general group is more or 
less variable and that probably the types recognized are simply 
those of most frequent occurence in the starters studied. 
Cultures of Type A and Type B were studied and the follow-
ing descriptions prepared from the results obtained. The name 
Streptococcus citroV'Ortls is proposed for 'l'ype A and the name 
Streptococcus paracitrovorus for Type B. 
DESCRIPTION OF TYPE A.. STREP. CITROVORUS 
MORPHOLOGY: 
Form: The organism was spherical or only slightly longer than broad 
in preparations mad e from various media. 
Size: The spherical cells had a diameter of from .6 to 1.0 micron, while 
the cells that were slightly elongated had a length of from .7 to 1.1 
microns and a breadth a very little less. 
A1Tangement: The organisms were generally arranged in pairs or 
chains. Chain formation varied with the media, the chains being 
much longer in liquid media than on agar. The longcst chains were 
observed in sugar boeillons and they sometimes contained 50 or more 
cells. There was also considerable variation in Chain formation I:)e-
tween the difi'(lrent cultures, 
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Motility: Motility was never observed, even in young bouillon cultures. 
Staining Reaction: The organism stained l'eadily with the usual stains. 
The Gram stain was positive, but preparations from young whey agar 
cultures sometimes showed a few negative cells; the negative cells 
appal'ently became more common as the cultt:res increased in age, 
but even in old cultures the cells were largely positive. 
Spol'e Formation : No evidence of spore formation was detected in 
stained preparations. Oultures of various ages and from different 
media failed to resist 80°0. for ten minutes. 
OULTURAL OHARAOTERISTIOS: 
Agar Streak : On whey agar, growth was nsually evident after 2<1 
honrs at room temperature as a series of small, non·viscid, closely-
placed colonies. With age there was an increase in the size of the 
colonies and sometimes in the lower portion of the cultere the colon-
ies grew together and formed a mass of growth. The colonies often 
had a white or dirty white color, but sometimes, especially when 
young, had an appearance suggesting water dl'oplets. Very commonly 
in older cultures some of the colonies were considel'ably larger than 
the average and these were definitely white or dirty white. Growth 
on beef infusion agar was essentially the same as that on whey agar, 
but beef extract agar yielded only a slow growth if it occurred at 
all. At 37°0., growth did not occur on any of the media tried. 
Agar St(£b: In whey agar slight growth was evident along the line of 
inocelation after 24 hours at room temperature. With age there 
was an increase in the amount until it was definitely filiform and non· 
viscid, equal in amount along the entire length of the stab, bnt with 
only a very little white, smooth-edged growth at the surface. Beef 
infusion agar stabs gave only a little, if any growth. Growth did 
not occur at 37°0. 
Agar Plate Colony: Whey agar plates showed growth after 24 hours 
at room temperature. After 48 hours the colonies were readily dif-
ferentiated into small, usually round, white, non-viscid, smooth-edged, 
only slightly raised surface colonies and small, compact, white, round 
to ellipsoidal, smooth-edged sub-sm'face colonies. With age there was 
an increase in the size of the colonies, but they always I'emained small 
and only in extreme cascs reached 1 mm. in diameter. The beef in-
fu sion agar plates gave essentially the same growth as whey agar, 
while beef extract agar plates gave little if any growth. 
Whey Gelatine Stab: Growth was evident at 20°0. in 24 hours and in-
creased with age. The young cultures looked as tho the growth was 
made up of closely aggregated colonies, but later there was more of a 
filiform appearance. The development was quite uniform thruout the 
length of the stab, with very little growth at the smface. 
Bouillons: In jJlain beef extract bouillon growth did not take plac('. 
At room temperature growth usually occurred as a sediment in the 
presence of fructose, galactose, glucose, lactose, 01' maltose, but was 
not evident in the presence of glycerol, ~ucrose, mannitol, salicin, l'af-
finose, inulin or starch. 
Potato: Potato cultures showed no evidence of growth. 
Dlmham's Sollaion: There was no evidence ' of growth in Dunham's 
solution, 
Uschinsky's Solution: There was no evidence of growth in Uschin-
sky's solution. 
Plain Milk: Th ere was 110 change evident in plain milk, 
Litmus Mille: Litmus milk cultures showed no pronounced change. 
There was sometimes a slight reduction. which was more evident in 
faintly colored litmus milk than in heavily coloI'ed and which could 
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Ol'(Jinal-ily be definitely told only when uninoculated tubes were avail-
able fol' comparison. Old cultures in heavily colored litmus milk 
showed an extremely faint, ]'edclish tinge which could not be definitely 
detected without a comparison with uninoculated tubes; the cultures 
would not be considered as showing acid development. 
P eptone (1 percent) Milk: There was no change evident except a 
slight coagulation in the bottom of the tubes in a f ew instances. 
P eptone ( 1 percent) Litmus Milk: A reddening of the litmus was evi-
dent in from one to three days and in a few instances there was a 
slight coagulation in the bottom of the tubes. 
mO-CHEMICAL FEATURES: 
Gas Prodiuction: Gas production was not eyiclent in milk or bouillon's 
containing various fermentable materials. 
A cid pj'oduction : The acid production in milk was very slight, the 
usual acidities after long incubation at room temperatme being about 
.25 percent calculated as lactic acid. Beef extract bouillon contain-
ing fructo se, galactose, glucose, lactose, or maltose usually showed a 
slight increasFl in acidity, but with glycerol, sucrose, mannitol, salicin, 
raffinose, inulin or starch no increase was observed. 
Oxygen R elation : The organism was facultative. 
DESCRIPTION OF TYPE B. STREP. PARACITROVORUS 
MORPHOLOGY: 
Form: The organism was spherical or only slightly longer than broad 
in preparations made from various media. 
Size : The spherical cells had a diameter of from .6 to 1.0 micron. The 
cells that were slightly elongated hacl a length of from .6 to 1.1 mic-
rons and a breallth only a little less. 
A rrangement : The orgaJ;isms were generally arranged in pairs or stort 
chains in prerarations made from various media. There was more of 
a t endency to chain formation in milk or sugar bouillons than on agar. 
Considerable variation exist ed in the chain-forming tendencies of dif-
f erent cultures. 
Motility: Motility was )lot observed, even in young bouillon cultmes. 
Staining R eaction : Th e organisms stained ]'eadily with the ordinary 
stains. The Gram sta in was positive, but some negative cells were 
usually present, especially in old cultures. 
Spo?'e F01"1nation: Stained preparations showed no evidence of spores, 
and cultures of various ages and from different media failed to re-
sist 80° C. for t en minutes. 
CULTURAL CHARACTERISTICS: 
Agar St?'eak: G]'owth was usually evident on whey agar after 24 hours 
at room temperature as a series of small, nOll -viscid, closely-grouped 
colonies. There was an increase in the size of th e colonies as the 
cultures aged and sometimes a growing together of the colonies in 
the lower part of the culture until a mass of solid g]'owth r esulted. The 
young colonies usually had the appearance of water droplet s, but later 
became white or cr eam-colored. In older cultures, some colonies con-
siderably larger than the others were often P]·esent. On beef infus-
ion agar, growth was essentially the same as on whey agar, but it was 
very slight, if it occurred at all, on beef extmct agar. At 37°C. 
growth was essentially the same as at room temperature, 
Aga?' Stab: In whey agar there was a slight growth suggesting a 
seri es of colonies a long the line of inoculation after 24 hours at room 
temperature . With age there was an increase in growth which even-
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tually became definitely filiform and non-viscid, about equal in 
amount thruout the length of the stab, and with very little surface 
growth. Beef infusion agar stabs had about the same appearance as 
those in whey agar, but beef extract yielded only very little, if any, 
growth. At 37°C., agar stabs gave about the same growth as at room 
temperature. 
Agm' Plate Colony: On whey agar plates growth was evident after 24 
hours, and after 48 hours the colonies were readily differentiated into 
small, usually round, white, non-viscid. smooth-edged slightly raised 
surface colonies, and small, compact, white, round to ellipsoidal, smooth-
edged sub-surface colonies. The colonies increased in size with age 
but only occasionally reached 1 mm. in diameter. B eef infusion agar 
plates gave the same type of growth as whey agar, but growth on 
beef extract agar plates was very poor, if it occurred at all. 
Whey Gelatine Stab: After 24 hours at 20 °C., growth was evident, 
and after about two days it had the appe·arance of a sel'ies of colonies 
along the line of puncture. Later the growth had a definitely filiform 
appearance. Development was quite uniform thruout the length of 
the stab, with very little growth at the surface. 
Bouillons: In plain beef extract bouillon no growth was evident at 
ei~her room temperature or 37°C. At either temperature growth 
usually was evident as a sediment in the presence of fructose, galac-
tose, glucose, lactose, or maltose and sometimes in the presence of su-
crose, but not with glycerol, mannitol, salicin, raffinose, inulin or 
starch. 
Potato: Potato cultures showed no evidence of growth. 
Dunham's Solution: Dunham's solution showed no evidence of growth. 
Uschinsky's Solution: There was no evidence of growth in Uschin-
sky's solution. 
Plain Milk: Thel'e was no change evident in plain milk, with the ex-
ception of a very slight coagulation in the bottom of the tubes with 
some cultures and an occasional complete coagulation in old cultures. 
The same results were secured at 37°C. and room temperature. 
Litmus Milk: Inoculated litmus milk showed a reddening of the lit-
mus thruout in from one to three days. L ater with certain cultures 
there was a slight coagulation in the bottom of the tubes and oc-
casionally complete coagulation in old cultures. There was no re-
duction of the litmus, except in the slight amount of curd at the 
bottom of certain tubes. The changes occurred at both 37 °C. and 
room temperature. 
Peptone (1 pm-cent) Milk: Inoculated peptone (1 percent) milk 
showed a complete coagulation with some cultures, while with others 
there was only a small amount of curd in the bottom of the tubes. 
Often the coagulated cultures were "wheyed off" and exhibited 
breaks in the curd suggestive of gas holes. Development was the 
same . at 37°C. as at room temperature. 
Peptone ' (1 percent) Litmus Milk: Inocnlated peptone (1 percent) 
litmus milk showed a reddening of the litmus thruout in from one to 
three days; with some cultures there was later complete coagulation, 
while with others there was only a small amount of curd in the bottom of 
the tubes. The coagulated cultures usually "wheyed off" and showed 
holes in the curd suggestive of gas production. There was ordinarily 
no reduction of the litmus. Development was the same at 37 °C. as at 
room temperature. 
BIO-CHEMICAL FEATURES: 
Gas pj'oduction: Gas formation was not observed 
bouillons containing various fermentable materials. 
in beef extract 
In milk which 
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was coagulated after the addition of peptone small holes suggestive 
of gas were sometimes observed and in milk cultures heated in boil-
ing water there seemed to be some gas driven off. 
Acid Production: The acidity of fermented milk varied from about 
.4 to about .75 percent calculated as lactic acid. Beef extract bouil-
lon containing fructose, galactose, glucose, lactose, maltose, or, with 
certain organisms, sucrose usually showed a slight increase in acidity 
at either 37 ' 0. or room t emperature but with glycerol, mannitol, sali-
cin, raffinose, inulin, or starch no such increase was observed. 
Oxygen Relation: The organism was facultative. 
DISCUSSION OF RESULTS 
The results herein reported supplement the reports of Ham-
mer and Bailey (17), Storch (30), and Boekhout and Ott de 
Vries (1) which show that organisms in addition to S. lacticus 
are necessary in a good starter, by pointing out that there are at 
least two types of such organisms, with enough difference be-
tween them to justify their separation. It is, of course, entirely 
possible that further study will show that still other types 
exist. The importance of these forms is evident from their abil-
ity to produce a satisfactory starter when either one or a mix-
ture of the two is grown in combination with S. lacticus and 
carried in pasteurized milk in the way that a starter is usually 
carried. 
From the data secured it seems that Type A produces vola-
tile acid from the citric acid normally present in milk and from 
the lactic acid produced by S. lacticns, while Type B produces 
volatile acid from the citric acid and probably also from the lactic 
acid which the organism is capable of producing in milk. 'l'he 
lactic acid produced by S. lacticus, however, is also of import-
ance in freeing from combinations with the milk constituents the 
volatile acid produced by either organism. This interpretation 
of the data presented is at variance with the ideas of Boekhout 
and Ott de Vries (1). These investigators consider that the as-
sociated organisms (Aroma bildner) form substances in milk from 
which the lactic acid bacteria produce the aroma. 'rhey base 
their supposition on the facts that (1) cultures of lactic acid 
bacteria a few days old, and accordingly coagulated, were heated 
at 1000 C. for some time and, after cooling, inoculated with the 
associated type without the development of aroma and (2) old 
cultures on the associated organisms heated at 1000 C. for ten 
minutes, cooled, and inoculated with lactic acid bacteria, gave an 
aroma after five to ten days. Their conclusion can, however, very 
justly be questioned for the reasons that (1) according to the 
data which have been presented, the associated organisms cannot 
produce a high volatile acidity in the presence of considerable 
lactic acid, either developed by S. lactiC1~s or added in a sterile 
condition, so that in the heated lactic acid cultures used by Boek-
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hout and Ott de Vries the associated type likely could not de-
velop, and (2) the volatile acidity produced by the associated 
types in the milk was in part, at least, freed by the lactic acid 
produced when the lactic acid bacteria were later added, and this 
freeing of volatile acid probably resulted in the development of 
an aroma. 
The production of a desirable starter seems to require the ac-
tion of S. lacticus and one of the associated organisms. While 
S . lactictlS is generally present in much larger numbers than the 
associated forms under practical conditions, it is probable that a 
satisfactory balance is essential. 'l'he failure to maintain such 
a balance is undoubtedly one of the reasons why unsatisfactory 
results are so frequently secured when starters are carried in 
practice. Altho S. lactictlS grows well over a considerable 
range of temperature, 21° to 23 0 C. is undoubtedly best for the 
propagation of starters. One reason why this temperature is best 
is because the proper balance between the different organisms con-
cerned is most easily maintained here. Type A, which does not 
grGW at 37° C., cannot be expected to develop as well at temper-
atnres approaching this as it does at 21 0 to 23° C. 
CONCLUSIONS 
1. There are at least two types of organisms associated with S. 
lactict~s in starters frequently enough to be considered important. 
'fhese were studied as 'l'ype A and 'l'ype B. 
2. Type A can usually be isolated by direct plating and also by 
the method of repeated transfers on whey agar slopes. 
3. 'l'ype A was repeatedly isolated from starter being carried in 
creamerIes. 
4. Type A was generally present in commercial cultures. 
5. 'fhe Type A and S. lactict~s combinations were not specific, 
since Type A from one starter and S. lacticus from another gave 
a high volatile acidity, as did also Type A in combination with 
S. lactic us cultures from sour cream. 
6. When 'l'ype A was inoculated one to four days before S. 
lacticus, a high volatile acidity was secured. 
7. When Type A was destroyed by heat after a considerable 
period of growth and S. lacticus inoculated, a low volatile acid-
ity, essentially like that produced by 'l'ype A alone, was se-
cured. 
8. When S. lacticus developed considerable acid before Type 
A was inoculated, only a low volatile acidity was obtained; this 
occurred when S. lactiws was destroyed by heat before inoculat-
ing 'l'ype A, and when it was not. 
9. When 'fype A was added to milk in which S . lactict~s had pro-
duced a small amount of acid and had then been destroyed by 
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heat, a high volatile acidity was secured. S. lactictls was inocu-
lated before 'l'ype A and a high volatile acidity secured when the 
development of S. lactictlS had not gone too far. 
10. rl'ype A produced a higher volatile acidity in milk to which 
a small amount of sterile lactic acid had been added than in 
milk without the acid. 
11. Excessive amounts of sterile lactic acid added to milk 
prevented the production of a high volatile acidity by the as-
sociated organism, Type A. 
12. The addition of sterile ammonium or calcium lactate to 
milk did not increase the volatile acidity produced by Type A. 
13. Type A produced volatile acid from sterile citric acid 
added to milk and this suggests that the citrc acid normally 
present in milk is the source of the volatile acid developed when 
Type A is grown in pure culture in milk. 
14. The volatile acidity produced by 'l'ype B alone was higher 
than that produced by Type A and usually was as high as that 
produced by a good starter. 
15. When Type B was grown in combination with S. lactictls, 
a higher volatile acidity was usually produced than when Type 
B was grown in pure culture, but this increase can be accounted 
for by the volatile acid production of S. lactictls. 
16. Type B can be isolated by direct plating. 
17. Type B was found regularly in only one of the commer-
cial cultures studied; it was occasionally found in others, how-
ever, and was also found in natural starters. Some good start-
ers never yielded Type B. 
18. The addition of sterile citric acid to milk increased the 
volatile acidity produced by Type B. This indicates that the 
citric acid normally present in milk is one of the sources of the 
volatile acidity produced by Type B. 
19. The addition of sterile lactic acid did not significantly in-
crease the volatile acidity produced by Type B. 
20. The addition of lactates usually resulted in a decrease in 
the volatile acidity produced by Type B. 
21. Type B produced some lactic acid in milk and it seems that 
a portion of this was later changed tOo a volatile acid. 
22. The associated organisms delayed the acid development by 
S. lactiws when inoculated before S. lactic1lS and also when in-
oculated at the same time. .This delay was evident from (1) 
the time required for coagulation, (2) the time elapsing be-
tween beginning and complete coagulation and (3) the acidity 
titrated. 
23. In general both creamery and commercial cultures contain-
ed much larger numbers of S. lacticus than of the associated 
organisms. S. lacticus often made up 90 percent of the flora 
and only occasionally fell under 75 percent. In some cases the 
96b 
associated types made up only from 1 to 3 percent of the flora. 
24. Satisfactory starters can be prepared from mixtures of 
S. lacticus and one or both of the associated types, but not from 
pure cultures of S. lacticus. 
25. The name Streptococcus citrovonls is proposed for Type A 
and the name Streptococcus paracitrovorus for Type B. 
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